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PEEFACE 

The present volume is the " Third Part " in order of a com- 
prehensive treatise on Zoology, which has been for some time 
in preparation under my editorship. In this treatise each 
of the larger groups of the Animal Kingdom is to be described 
by a separate author; whilst, as far as possible, uniformity 
in method and scope of treatment is aimed at The authors 
are, for the most part, graduates ^f the University of Oxford, 
though it may not be possible to maintain this limitation in 
future sections of the work. 

The general aim of the treatise is to give a systematic 
exposition of the characters of the classes and orders of the 
Animal Kingdom, with a citation in due place of the families 
and chief genera included in the groups discussed. The work 
is addressed to the serious student of Zoology. To a large 
extent the illustrations are original. A main purpose of the 
Editor has been that the work shall be an independent and 
trustworthy presentation, by means of the systematic survey ,^ 
or taxonomic method, of the main facts and conclusions of 
Zoology, or, to speak more precisely, of Animal Morphography. 

The treatise will be completed in ten parts of the size of 
the present one. It will at once be apparent that this 
limitation necessitates brevity in treatment which, however, 
will not, it is believed, be found inconsistent with the fulfil- 
ment of the scope proposed or with the utility of the work 
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to students. The immediate publication of the following 
parts may be expected : — 

Fart I. Introduction and the Protozoa. 

Part II. General Discussion of the Metazoa — ^The Pori- 
fera — The Hydromedusae — The Scypho- 
medusi^e — ^The Anthozoa — ^The Ctenophora. 

Part III. The Echinoderkna (the present volume). 

Part IV. The Mesozoa — The Platyhelmia — The Nemer- 
tini. 

These parts will be issued, without reference to logical 
sequence, as soon as they are ready for the press. In accord- 
ance with this procedure, which to some extent evades the 
injustice of making an author, whose work is finished, wait 
for publication until other more tardy writers have completed 
their tasks, the present volume, which is Part III., is the first 
to make its appearanca 

The following authors have undertaken portions of the 
work: — Professor Poulton, F.RS., M.A.Oxon. ; Professor 
Weldon, F.RS., M.A.Oxon.; Professor Benham, D.Sc., M.A. 
Oxon. ; Mr. G. C. Bourne, M.A. Oxon.; Mr. G. H. Fowler, 
M. A. Oxon. ; Professor Minchin, M. A. Oxon. ; Mr. F. A. Bather, 
M.A. Oxon. ; Professor J. W. Gregory, D.Sa ; and Mr. E S. 
Goodrich, M.A. Oxon. 

E. EAY LANKESTER 

February 1900. 
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CHAPTER VIII. 

THE ECHINODERMA.^ 

PHTLUM EGHINODEBMA. 

GRADE A. PELMATOZOA. 

Class I. Cystidea. 
„ XL Blastoidea. 

„ III. CllINOIDEA. 

„ IV. Edrioasteroidba. 

GRADE B. ELEUTHEROZOA. 

Class I. Holothurioidea. 
„ II. Stelleroidea. 

„ III. ECHINOIDEA. 

General Features. — This is one of the best characterised and 
most distinct Phyla of the Animal Kingdom. Nearly all the living 
animals included in it, such as the sea-urchin (Echinoid), starfish 
(Asteroid), brittle-star (Ophiuroid), sea-cucumber (Holothurian), 
sea-lily (stalked Crinoid), or feather-star (free Crinoid), can readily 
be distinguished through their possession of a radial symmetry, in 
which the number five is dominant, of a sub-epidermic skeleton com- 
posed of calcium carbonate, with a characteristic micro-structure 
resembling trellis-work, and of a system of sacs, canals, and tubes 
that carry water through the body, especially by means of five 
radial canals from which small branches csAled podia aro given off to 
the exterior. The extinct forms known as Blastoidea and Edrio- 
asteroidea appear to have had a similar organisation ; and the same 
statement maybe made of most of the Cystidea, another extinct class. 

It is true that there are recent forms in which the quinqueradial 
symmetry or pentamerism is obscure ; but, on the whole, it is so 
marked a feature that the early zoologists, and notably Cuvier, 
placed the Echinoderma together with the Coelentera in a sub- 

1 By F. A. Batlier, M.A. 



2 ECHINODERMA— GENERAL DESCRIPTION 

kingdom Eadiata. The presence of a gut distinct from the body- 
cavity {codom) is alone enough to mark the superiority of Echino- 
derm organisation, as was first insisted on by Leuckart. The 
resemblance of certain Holothurians to the Gephyrea is but super- 
ficial and secondary ; the above-mentioned characters form sufficient 
distinction. 

Examples of the Glasses. — Within the Echinoderma is great 
diversity of organisation. Between the worm-like, semi-gelatinous 
Holothurian, Synapta^ living in the mud of the shore, and the 
stalked Peniacrinus of the depths of the sea, or the brittle-star of 
the rock-pools, there might well seem an impassable barrier. 
Taking typical examples of the various classes, let us note the 
more obvious differences. In an ordinary Holothurian (e.g. Holo- 
thwria, Cucumariay Fig. lY. 4, p. 231) the body is cucumber-shaped, 
with a mouth at one end and an anus at the other ; round the 
mouth is a ring-canal of the water-vascular system, and from it 
are given off five radial canals, running below the surface of the 
flexible integument and sending podia to the exterior ; two of the 
avenues (ambuUicra) of podia run along that surface of the body 
which is away from the ground and may be called " dorsal " ; the 
" ventral " surface, containing the other three ambulacra, is often 
flattened to form a kin(} of walking sole. A Holothurian has no 
arms or projecting rays, but its mouth is surrounded by a circlet 
of tentacles, often branched, retractile at will, and serving to collect 
food. A Kegular Sea-urchin (e.g. Echinus, Cidaris, Figs. VII., XVII. 
pp. 290, 303) resembles a Holothurian in being without projecting 
rays; but it is more spherical in shape, with a rigid test, and 
moves with its mouth towards the sea-floor, and with its anus at 
the opposite pole of the body. In a Heart-urchin (e.g. Spatangw^ 
Fig. XLY. p. 324), which moves through and swallows mud and 
sand, the body has become obliquely elongate, i,e, with the long axis 
at an angle of 36° to the position it occupies in a Holothurian ; the 
mouth has moved a little forward, and the anus' has moved down 
from the top of the body to its lower surface, so that both mouth 
and anus lie on the under surface, at either end of the long axis. 
In Echinoids, the radial water-vessels are beneath the test (" hypo- 
thecal ") and stretch from the oral to the anal pole. In a Starfish 
the mouth is in the centre of the under surface, while the anus is 
almost in the centre of the upper surface, but is absent in a few 
forms ; the body, encased in a yielding theca, is either markedly 
pentagonal in outline or star-shaped ; in the latter case a central 
" disc " may be distinguished from the " arms." The number of 
arms varies from five (e.g. Aslerias rubens, Figs. I., IV. pp. 240, 242) to 
over forty (e.g. HeUaster), The radial water-vessels, one to each arm, 
lie in a groove on the oral surface (" epithecal ") and are fringed 
by podia, which do not pass on to the aboral surface at all. An 
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Ophiuroid (Fig. XIII. p. 261) resembles a starfish in which there is a 
sharp distinction between arms and disc; the mouth is on the 
under surface, but there is no anus. Whereas the arms of a star- 
fish are merely extensions of the body, containing the generative 
glands and processes from the stomach, those of an Ophiuroid con- 
tain only blood-vessels, water- vessels, and nerves, and,, being 
themselves used as locomotor organs, have a stout internal skeleton 
of separate ossicles, worked on one another by well -developed 
muscles, but have less developed podia ; they are nearly always 
five, and unbranched except in Astrophytidae (Fig. XXXII. p. 277). 
As is explained on p. 238, however, no sharp line can be drawn 
between Asteroid and Ophiuroid structure. A Crinoid (Fig. III. 
p. 98) di£fers markedly from all the forms just mentioned, in that 
the mouth faces upwards, or away from the sea-floor ; the anus 
is also on the upper surface. This position is connected with the 
fixed habit of the Crinoids, which are attached temporarily or 
permanently to the sea-floor by their aboral surface, usually 
through a jointed stem. This fixed state of existence is corre- 
lated with the development of a jointed process ("arm" or 
hrcLchium) from each radius of the rigid theca. The arms are 
often forked many times ; they contain extensions of the nervous, 
blood-vascular, water-vascular, and generative systems, and have a 
ventral groove lined with cilia which sweep currents of water to the 
mouth. The Blastoids (Fig. IV. p. 82) may be roughly described 
as Crinoids without brachia, but with food-grooves on the oral 
surface of the theca, fringed with jointed skeletal processes 
(firackiola). The Cystidea, like the Crinoids, are fixed, with mouth 
and anus on the upper surface ; the relations of their food-grooves 
and water-canals vary greatly ; in some of the older ones (Fig. II. 
p. 44) radial symmetry does not seem to have affected even these 
organs, still less, therefore, any other organs of the body. The 
Edrioasteroidea (Fig. VI. p. 209) are sessile, with upwardly directed 
mouth and anus, with five food-grooves radiating from the mouth, 
sometimes on to the aboral surface, as in Echinoids, and apparently 
with hypothecal water-canals, also as in Echinoids, at any rate 
with some portions of the water-vessels penetrating the test along 
the ambulacra. 

Fhylogeny and Ontogeny. — The combined evidence of com- 
parative anatomy, embryology, and palaeontology indicates that 
the Echinoderma owe most of their obvious characters, such as 
radiate symmetry, the ambulacra, and the coil of the gut, to their 
having passed through a " pelmatozoic " stage, Le. a stage in which 
the animal was attached by a part of its body wall, in which the 
mouth, and to a less extent the other apertures, faced upwards, 
while there was a tendenoy to the radiate (pentamerous) exten- 
sion of food-grooves with accompanying organs (see Chapter IX., 
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" Pelmatozoa "). Setting aside these characters, the origin of which 
may be traced in individual development, and selecting those 
common to the early stages of all Echinoderms, zoologists have im- 
agined a phylogenetic 




Diagrammatic reconHtniction of the imagined DipLeunda 
ancestor. Anterior end on left of drawing ; organs of left 
side towards observer, and with stronger outline than those 
of right side. For description and lettering, see adjoining 
text. 



Stage, the two-sided or 
Dipleurula stage (Fig. 
I.), more or less re- 
peated in the Dipleurtda 
larvae of recent Echino- 
derms (Fig. 11.). The 
animal was marine. Its 
long axis was antero- 
posterior and parallel 
to the sea- floor. The 
mouth (0) was anterior 
and ventral ; the anus (As) posterior or postero- ventral. The 
two were joined by an uncoiled gut, perhaps with a stomachal 
enlargement in the middle. On either side of this lay the coelom, 
formed by constriction from the larval stomach or archenteron, in 
other words, an " enterocoel " ; it was divided into a right and left 
anterior portion (a,c)y and a right and left posterior portion (r,p.c 
and Lp.c). Each anterior vesicle was connected with the exterior 
by a canal, opening at a dorsal pore (M) on each side the median 
line, sometimes, perhaps, fusing into one. These canals were in- 
directly connected (s.c) with posterior offshoots from the anterior 
coelom, the right and left hydrocoels (r.Jic and l.hc). Gonads 
developed from the coelomic endothelium. The ectodermal 
epithelium was probably ciliated, and a portion of it in the " pre- 
oral lobe" (p.l) was differentiated as a sense organ, with longer 
cilia and underlying nerve-centre (w), from which two gangliated 




Dipleurula larvae seen ftrom right side (partly after Langi 1, PliUeu$ of Behinoid ; 
2, AurictUaria of Holothurian ; 8, Bipinnaria of Asteroid ; 4, Tomaria of Bnteropneustan ; 
0, mouth ; As, anus ; 5, spicule ; np, neural plate with cilia. The strong black lines repre- 
sent ciliated bands ; the shaded areas show the course of the gut. 

nerves ran back below the ventral surface. In the mesoblastic 
connective tissue, derived by the migration of cells, there was a 
tendency to the secretion of crystalline calcium carbonate. Elxcept 
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for the latter character, the Dipleurula agrees in essentials with 
the larva of Enteropneusta, which was described by Job. Miiller 
(1850) as an Echinoderm larva, under the name Torth'iui 
(Fig. II. 4). 

The simplest larval form among recent Ecbinodernis, that of 
the Holothurians, known as Aurkularia (Fig. II. 2, and Fig. III.), 
differs from the Diplev/rula in being bent upon its ventral surface, 
so that the mouth lies in the middle of the concavity so formed, 
while in front of it is a " preoral lobe," and behind it is a similar 
prominence, in the middle of which, on the ventral surface, is the 
anus ; the cilia are restricted to a band immediately surrounding 
the mouth, and a band that 
passes in front of the mouth, 
then round the edge of the 
ventral concavity, and across 
in front of the anus. In 
subsequent development the 
ciliated ring becomes very 
sinuous, and when the A%^ 
Gularia assumes a barrel 
shape, before changing into 
the Holothurian, the ring 
atrophies in sixteen places, 
and the separate pieces unite 
in such a way as to form 
five rings like hoops round 
the barrel. In this stage the 
mouth has again passed up 
to the anterior pole, and the 
anus down to the posterior. 
This form is called the Pupa 
(Fig. I. 8, p. 219). 

The only free larval form 
that is known among Pel- 
matozoa is that of the highly 
specialised free-moving Crinoid, Antedon, It resembles the Holo- 
thurian Pupa in general shape (Fig. lY.), and in the possession of 
five ciliated bands (cc), probably derived in a similar manner; 
but since the early stages have been pressed out of the develop- 
ment, this cannot be considered proven. Here, moreover, there 
remains a ventral concavity, through which the definitive mouth 
breaks (0) ; there is no anus at this stage. Anteriorly is a tuft 
of long cilia. 

Most Asteroidea have a larva known as Bipinnaria (Fig. II. 
3, and Fig. VI. 10), which passes through an Auricularia stage. 
By a meeting of the sinuosities of the ciliated ring anteriorly. 




Fi«;. III. 

AHricHlaria of Synavta^ the ventral Murface and 
left Hide facing tlie oWrver (after SeiiionX 0, 
mouth ; oe, oeMopliagus ; a, Ntonuicli ; r, rectum ; 
hpt hydropore ; Ac, livdrocoel ; r and Ijk, right 
and left posterior coeloiii ; % norvous band ; ^i, 
Bpieule in fbrm of wheel ; e, ciliated bands, viz. 
—1, preoral ; 2, adoral ; 8, circnmaral ; and 4, 
anal. x25. 
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there is formed a preoral ring which separates from the rest. 

The ventral depression runs up on either side the preoral area, 

and eventually surrounds it and its ciliated ring. In the region 
of the ciliated rings the body stretches out pro- 
cesses, which are symmetrically paired, except the 
frontal process, which bears the preoral ring. In 
some species this process splits into three branches 
and the cilia disappear; such a form is called 
Brachiolaria,, 

A still further development is the Pluieus 
larva (Fig. II. 1, and Fig. V.) of Ophiuroids 
and Echinoids, characterised by the decrease of 
the preoral area and the increase of the anal area ; 
paired processes extend forward, and an unpaired 
Larva of Anudon process stretches backward from the posterior end 

Ind*'^^^^ ^reoiai ^^ ^^® ^^^^ ^^^ > *^®s® processes are usually very 

lobe (PL), uppermost, long and Supported by spicules, but movable. 
Two, arising from the posterior and lateral region 

of the ciliated ring, are pronounced in Ophiuroids but absent in 

Echinoids. 

The development of the larval form 

from the ovum is effected in much the 

same way in all known Echinoderma 

(Fig. VI.). The segmentation of the 

ovum is total and quite or almost equal 

(Fig. VI. 2). A coeloblastula is formed 

with a segmentation cavity, and with a 

wall of a single cell -layer, thicker in 

one region (Fig. VI. 3). This region 

is invaginated, forming the archenteron 

of a gastrula (Fig. VI. 4). At about 

the same time the thickened region, 

now the end wall of the archenteron, 

proliferates endoderm cells, some of 

which wander into the segmentation 

cavity, where they may be joined by a 

lesser number from other parts of the 

gastrula wall (ectoderm), and so form mesenchyme, from which 

mesoderm tissue is ultimately developed (Fig. VI. 5). The 

archenteron occupies but a small part of the segmentation cavity, 

its lumen is usually narrow, and the external opening forms a 

small blastopore, which in Antedon soon closes. Both endoderm 

and ectoderm are usually ciliated from the beginning ; but in 

Anledon cilia appear only on the ectoderm after gastrulation. 

The larva becomes bilaterally symmetrical by dorso-ventral 

compression and the formation of a ventral concavity. • The inner. 




Fio. V. 

PIuteiM of a Heart-urchin, fcova 
ventral Bide (after Lang). 0, mouth ; 
A»f anus. 
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ue, anterior, end of the archenteron becomes constricted oflf from 
the rest of the archenteron to form the " coelom " (Fig. VI. 6). 
The coelom sends backward a process on each side in the dorsal 
region; the hinder parts of these become constricted off as a 
" right and left posterior coelom," which almost meet posteriorly ; 
the remainder forms the " anterior coelom " (Fig. VI. 7). At the 

1 4 7 

'V 




Pio. VT. 

Early Htages of Bchinoderm ontogeny. 1, 2, S, the Bchinoid Echinocyamus (after Th^el). 
4, 5, 6, the Crinoid Antedon (after Seeliger). 7, 8, 11, the Asteroid Atterina (after 
MacBride). 9 (after Bury). 10 (after O. W. Field). 1, ovum in mucilaginous coat ; vitelline 
memlnraae (v) beginning to separate ; c, spermatozoa, one of which is entering the yolk (x 180). 
2, segmenting ovum seen from above, 2 hrs. 20 min. after fertilisation. 3, blastula in 
longitudinal section, IS hrs. after fertilisation, c, cilia; se, segmentation cavity (x200). 4, 
gastrula, in section, 16 hrs.; oc, archenteron ; bp, blastopore (x7S). 6, the same, 26 hrs., with 
mesenchyme (ms) developing firom endoderm. Letters as before (x88). 6, 48 hrs., with 
blastopore closed, and archenteron constricted into oc anterior, mesenteron, and ec posterior 
enterocoel (x88). 7, longitudinal section showing extension of right and left posterior 
coeloms (rpe, Ipe) from anterior coelom around larval stomach («<), (x60). 8, further stage, 
showing rpe and Ipe separated from ae, and lobes of the rudimentary left hydrocoel (Ac), ( x 60). 
9, dorsal view of a Bipinnaria. oe, oesophagus ; Xp, hydropore ; y, " blood-vascular space." 
Bury, perhaps rudiment of right hydrocoel. Other letters as before (x50). 10, Bipinnaria 
of A^eriaSt four days old. ec, ciliated band ; m, mesenchymatous muscle fibres (x78). 11, 
diagram showing relations of stone canal (itc) and pore canal (pe) to left hydrocoel (the) and 
anterior coelom (oc). 

hinder end of the anterior coelom, on both the right and left side, 
there is a small outgrowth, the " right and left hydrocoel " (Fig. 
VI. 8) ; that on the left is, as it happens, much more developed, 
but the presence of a right hydrocoel has been proved by Metsch- 
nikoff (1869) and MacBride (1896), (y in Fig. VI. 9). Near 
the median dorsal line, above the hinder end of the anterior 
coelom, a perforation arises in a thickening of the ectoderm, 



8 ECHINODERMA—GENERAL DESCRIPTION 

forming the ^^hydropore" and the ''pore canftl"; while, in no connec- 
tion with this, a groove arises along the hinder wall of the anterior 
coelom, and develops into a canal connecting the left hydrocoel 
with the anterior coelom, and called '* stone canal," because its homo- 
logue in recent adult Echinoderms develops spicules in its walls 
(Fig. YI. 11). MacBride (1896) has observed larvae of Asierina 
'gMosa^ in which there were a hydropore and stone canal on the 
right, and some in which both right and left pores were present. 
The latter arrangement occurs also temporarily in the Bipinnaria 
of AsUrias (Field, 1892, Fig. YI. 10), and is that which we suppose 
to have obtained in the Dijdeurula. 

On the ventral side, at the anterior end of the body, a mouth 
is produced by invagination, and leads into the remaining part of 
the archenteron, which becomes modified into a larval stomach and 
a short rectum curved ventralwards and opening at the blastopore. 
The part of the larva in front of the mouth is called '' the preoral 
lobe," and a portion of it becomes a sense organ, usually ciliated, 
with a development of nerve tissue (Fig. VI. 9, 10 ; Fig. I.). 

It must not be supposed that a Dipleurda larva of this simple 
type actually exists. In each class it presents some modification, 
the outward appearances of which have already been described. 
Moreover, the internal structures vary in the order of their 
development and in persistence. Enough is common to the 
various types to show that the Dipleunda larva is no phantasm, and 
to suggest very strongly that it represents an ancestral Dipleurula 
stage, differing but slightly if at all from the ancestral Tomaria, 
and being one of the lowest of all animals with a coelom. The 
hydrocoels and their indirect exterior openings have been compared, 
perhaps not very judiciously, with the excretory nephridia of 
higher Goelomata. The possible connection of Tamaria with the 
ancestral Chordata gives additional interest to the resemblance 
between stereom formation and bone formation (see p. 29), and 
to the invagination of a primitively superficial nervous system in 
the two groups. 

Between adult Echinoderms and other groups of the Animal 
Kingdom no comparisons are possible. From this stage onward 
the Echinoderm follows a path of its own. By a remarkable 
metamorphosis, varying in its details but presenting some common 
features in the different classes, the almost bilaterally symmetric 
larva is transformed into the almost radially symmetric adult. 
This metamorphosis undoubtedly represents the changes that took 
place in the early history of the classes ; and the extraordinary 
difficulties of interpretation are due to the enormous compression 
of that history, the elimination in some cases of unnecessary 
stages, and the unequal acceleration of others. The clue is offered 
by the older fossils, which, as explained under Cystidea, forcibly 
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suggest that all Echinoderma are descended from sessile ancestors 
(necessarily representing a stage subsequent to the Dipleurula)^ and 
that the oldest among these had not acquired radial symmetry, that 
being, it would appear, a consequence of fixation. Fixation was 
retained more or less completely by Cystidea, Blastoidea, Crinoidea, 
and Edrioasteroidea ; but among the other classes it is only the 
Stelleroidea that now preserve traces of it in their ontogeny. 

The passage from the DipkwuUi to the fixed stage is best 
studied in ArUedon (Bury, 1888; and Seeliger, 1893); but even 
here changes that, in phylogeny, must have succeeded fixation 
now precede it, and actually precede the free-swimming stage of the 
larva. Fixation takes place by a modified portion of the preoral 
lobe (jpA), as also in Stelleroidea. 
The phylogenetic result of this was 
the passage of the mouth (0) to 
the posterior end of the DipleuruUij 
which was now directed upwards 
(Fig. VII.). With the mouth went 
the hydrocoel. The attachment ap- 
pears to have been towards the right 
side, for thus only can we account for 
the fact that the structures on the 
left of the Diplewnda increased at the 
expense of those on the right. It 
was therefore the left hydrocoel {Ihc) 
and stone canal (s.c) that moved 
upwards with the mouth, while those 
the right disappeared. The 
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Fio. VII. 
Diagraniniatic reconstruction of the 
imagined primitive Pelmatozoic ances- 
tor. Compare carefully with Fig. I. 
and with ac^oining text. 



nervous structures of the anterior 
end remained there or, possibly, 
atrophied. The forward portion of the anterior coelom (a,c) shared 
in the construction and elongation of this region ; but its hinder 
portion was dragged up along with the hydropore {M) and formed 
the *' parietal canal " {par)^ so called because it lies along the outer 
wall of the larva. The left posterior coelom (J^.px) of the Diplewnda 
was caught in between the oesophagus and the stomach, and so 
passed upwards, towards what we may now call the oral pole of 
the fixed stage ; while the right posterior coelom {r,px) was pushed 
downwards by the stomach pressing to the right and thus came 
to lie nearer the aboral pole. The blastopore is early closed in 
the ontogeny of Antedm, but we infer from the position of the 
larval rectum that in phylogeny the anus {As) did not move 
upwards so rapidly as the mouth. The effect of these changes 
was a torsion of all the structures in the upper part of the 
body. The gut was throtni not into a simple loop, but into a 
dextral coil. The pressure of the oesophagus against the hydrocoel 
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not merely pulled it up, but pressed it into a horseshoe curve, 
with the opening directed to the anal side. The left posterior 
coelom was curved in like manner. The further elongation of the 
fixed aboral end involved lobes of the right posterior coelom 
and initiated their downward extension, first on the right side of 
the anterior coelom, then gradually curving round it. This torsion 
and shifting of internal organs may be compared with the simpler 
case of streptoneurous Grastropoda. 

Careful study of the two diagrams, representing the DvpUwnikk 
(Fig. I.), and the primitive Pelmatozoan or fixed stage (Fig. VII.), 




Fio. VIII. 

Sections of Antedon larvs, semi-diftgrammatic (1-4 after Seeliger, x86\. (6, after Bury). 
1, longitudinal section with preoral lobe turned downwards, the reverse of Fig. iv. ; the anterior 
coelom extends into this, as well as upwards into the parietal canal. 2, transverse section in 
the neighbourhood of the hydropore, showing the parietal canal leading to it ; two lobes of the 
hydrocoel and the lower end of the stomach are seen to be at the same level as right posterior 
coelom and lower end of vestibule. 8, part of a longitudinal section in the same direction as 
Fig. 1, but passing throush the hydropore and the five primitive lobes of the hydrocoel not 
yet connected therewith ; between the two is a small extension of left posterior coelom ; adjoining 
sections show that the hydrocoel is still horseshoe^haped, but will eventually close along the 
gap between lobes 1 and 5 to form the hydrocircus. 4. transverse section at a slightly more 
orad level than in 2, and in an older larva ; the vestibule is here closed over ; note the 
mesenteries between right and left posterior coeloras. 5, transverse section of an older larva, 
in which the vestibule has passed right up to the oral pole, and a rectum (r) has formed ; 
between this and the stomach is seen the rudiment of the axial organ ; the parietal canal 
remains, but the stone canal now opens into it (xl25). 6, median longitudinal section, the 
vestibule still open, columnals forming around extensions of right posterior and anterior 
coeloms ; left posterior coelom is seen above the stomach as a lobe of the hydrocoel ( x 120). 

Explanation of letters— oc, anterior coelom ; ax, axial organ ; ee, ciliated bands ; eoL 
columnals ; ^, hydrocoel ; l.pc, left posterior coelom ; nn, nerves ; p, hydropore ; par, parietal 
canal ; r, rectum ; r.pc, right posterior coelom ; tt, stomach ; tt.c, stone camu ; v, vestibule. 

will enable the student to appreciate tne peculiar position of the 
internal structures in the Antedon larva, of which a few sections 
are here given for comparison (Fig. YIII.). The structure is far 
more complicated than in Fig. YII., owing to extensions from 
the coelomic cavities. In the earlier sections the hydrocoel is still 



ECHINODERMA-'GENERAL DESCRIPTION 



II 



on the aboral side of the right posterior coelom ; indeed, the mouth 
itself is not at the future oral pole, for the larval mouth closed 
early, and the place where it was became arched over by lips 
of ectoderm, which formed a "vestibule'' (v). This vestibule it 
is that gradually moves up; a fresh mouth ultimately breaks 
through into it, and the lips again unfold at the new oral pole. 
The connection of the anterior coelom, through the parietal canal 
and the hydropore, with the exterior, persists (cf. Fig. VIU. 1 and 
3) ; the hydrocoel opens into the parietal canal by the stone 
canal at a later period (Fig. VIII. 5). 

There is reason to believe that some of the early Gystidea 
(Amphoridea, p. 43) had an internal structure scarcely more 
advanced than Fig. VII. But the fixed stage had further effects. 
The most notable was the prolongation of ciliated and tentacu- 
liferous grooves from the mouth, accompanied by processes. from 
the hydrocoel. At first there were three such radial extensions : 
anterior, right, and left, since the 
presence of anus and hydropore, and 
the absence of hydrocoel on the posterior 
side prevented extensions in that direc- 
tion (Fig. IX.). The five rays, so char- 
acteristic of EchiQoderma, were produced 
by the forking of the right and left 
rays. It was only at a later date, when 
the hydrocoel had grown into a ring 
round the oesophagus, that the five rays 
could proceed equally from this ring. 
The division of the rays into a pair 
enclosing anus and madreporite, and 
known as the himwrny and the three 
others (anterior, right ant. and left 
ant.), known as the trimum^ is opposed 
to this fundamental structure. It must 
further be noted that this bilateral 

symmetry of the rays has nothing to do with the bilateral nature 
of the DipUwnda. 

While these changes were in progress the formation of stereom 
continued. At first there were only spicules deposited in the 
mesenchyme (see Fig. 11. 1, and Fig. III.). These enlarged and 
fused into plates, which eventually became so large as to abut 
on one another. These plates were arranged in the mesoderm 
beneath the ectoderm. An account of their arrangement and 
structure will be found under Amphoridea (p. 45). Through 
the fixation below and the radiation of the hydrocoel and food- 
grooves above, these plates gradually came to lie in definite 
positions and to assume a definite number,' shape, and size. The 




Fio. IX. 

Tlie pentamerism of Bchino- 
clemiA coiitraHted with a regular 
pentamerism. 0, mouth ; ^<, anus ; 
between them is the madreporite. 
1, 2, 8, 4, 6 are the rays of an 
imaginary perfect pentamerism, of 
which 1 and 5 are the Mvium, 2, 
3. 4, the iriviwn. i, ii, iii, iv, y are 
the Ave rays of a Pelmatoaoan. 
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ontogeny of 
(Fig. X.) 



one 




Pio. X. 

Skeletal development in An 
Udon larva (i^r Seeliger). p, 



AnUdon suggests their division into two groups 
formed around the upper, oral coelom (/.^ 
i,e. the left posterior coelom of the Di- 
plewnda), which gradually encircled the 
oesophagus; the other around the lower, 
aboi^, or apical coelom (r.pc, i.e. the right 
posterior coelom of the Diplewnda), The 
former set were affected by radiate sym- 
metry before the others, and in AnUd<m 
larva are represented by five large plates, 
the " orals " (0). The latter set form the 
plates of the aboral side of the adult 
Echinoderm. In a Pelmatozoan they form 
the dorsal cup {B and IB) and the ossicles 
of the stem {col) when that organ is pre- 
sent. 

We have now traced the history of 

the Echinoderma up to a form fixed 

aborally, and with rays, normally five in 

number, proceeding from the mouth and 

hydropore ; ^fy, Hxing plate of underlying the hydrococl ring or hydro- 

stem, " dono • central ; for "^ ^ '^ . i i °i f y 

other letters, see adjoining text. CirCUS, ThcSC rayS lUVOlved Other 01 the 

^ ^' internal organs, notably portions of the 

oral and aboral coelom, and accompanying them was a develop- 
ment of epithelial nerves and a circumoral nerve ring. The 
dividing wall between the right and left posterior coeloms, the 
dorsal mesentery of the Dipleurda, now lies horizontally or 
transverse to the long axis. A new vertical mesentery, both 
above and below, is formed by the tissue separating the in- 
curved ends of the oral and apical coeloms respectively. On 
the inner walls of these coeloms, adjoining this mesentery, is a 
thickening of the endothelium (ax in Fig. YIII. 5), to form event- 
ually a strand passing up to the main axis through the coil of the 
gut, and known as the " axial cord." This, in the adult, originates 
the gonads, which seem at first to have been expelled through an 
aperture in the body wall between mouth and anus, as seen in 
Holothurians and some Cystidea. Subsequently this becomes 
involved in the radiate symmetry. 

The phylogenetic stage thus reconstructed on the evidence of 
embryology and palaeontology corresponds on the whole to the 
stage imagined by Semon (1888), and named by him Penlactota 
(five-rayed). The question arises : How far does this represent the 
ancestor of all Echinoderms ? There can be no doubt that this 
actually was a stage in the history of the fixed Echinoderms 
(Pelmatozoa) ; that it was also a stage in that of the free Echino- 
derms (Eleutherozoa), is coming more and more to be the opinion 
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of zoologists. The developments of Asterina indicates the possible 
relation between those two groups. Here MacBride (1896) has 
shown that the larva is eiirly attached by the preoral lobe, and 
that it bends over on this so as to bring the mouth downwards. 
The internal structures do not, however, undergo that complete 
translation and torsion which occur in the Grinoid. Traces of it 
are seen in the greater development of the left hydrocoel and left 
posterior coelom. Fig. XL attempts to show what would happen 
in the case of a primitive PerUadcea that bent over in this way ; 
while the mouth passed down, the anus and hydropore would tend 
to remain on the upper surface, where they could best fulfil their 
functions. In the present ontogeny of the Asteroid, the develop- 
ment is direct from the Dipleurula to this stage, the intermediate 
steps imagined for the phylogeny being omitted as unnecessary. 



Fio. XI. 

Change from Pentactoea to Stelleroid type. 0, mouth ; As, anus ; M, madreporite ; r.p.c 
and Lp.df right and left posterior coelom ; l.Jie, left hydrocoel ; s.e^ stone canal ; ji, preoral 
lobe ; ax, axial sinus, remains of anterior coelom. 

But to those phylogenetic steps are due the peculiar positions 
assumed by the left hydrocoel and left posterior coelom, as well 
as the radial folding which they undergo. Study of Fig. XI. 
will elucidate the complicated internal arrangement of the develop- 
ing Aderina, Further flexure causes the ends of the curved 
hydrocoel to grow around the stalk, which thus deceptively appears 
to spring from the oral surface, not from the aboral as in Crinoids. 
Subsequently the stalk atrophies, and the young starfish is a free- 
moving form, with mouth on the sea-floor, with anus and madre- 
porite directed upwards, and with the beginnings of five arms 
containing extensions of the left hydrocoel, of the oral coelom 
(derived from 1. post, coelom), and of the stomach (Fig. XII.). 
During development the larval mouth and anus are closed, and 
break through again in their adult positions; this points to a 
migration of those openings during phylogeny, which migration 
cannot well be repeated in ontogeny. 

A vast amount of discussion has taken place over the question 
whether the plates of the Grinoid calyx find homologues in other 
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EddnodcfnuL The onls on tbe one side ere MippoMd bj aome 
{fi.g. LoT^ P. H. Carpenter, Skden) to be rqveiented by ■ome- 
what simibuiy ntnated plates in Stelleroidee ('"buccal shields' of 
OphiDToiday ''odontoj^ores'' of AsteroidsX end by a circomoral 
cakareons ring in Holothnrians. The plates of tbe donal cop 
hare been bomologiaed with plates rery similar in shape and 
anangement that are often to be obsenred in Stelleroidea^ notaUy 
on the abonl side of the compact body of OphimroidSy and with two 
drdets of plates at the abonl pole of Kchinoids It has been 
supposed that all Echinoderma primitirely po ss e sse d a definite 
ealydnal system, thns composed : a central abonl plate (" dwio- 
central"), fiye plates surroiinding this (''basals," '"genitals" of 
Kchinoids), fiye plates foUowing on these and alternating with 
them C'radials," "'terminals'' of Asteroids, "oculars " of £chinoids) ; 
these together formed the " apical system," and to them was some- 
times added a circlet below, and alternating with, the basals (" infra- 
basals") : fire orals, alternated with tbe rsdials, and to tbese P. 
H. CSsrpenter once added an " oro-central," the conrebtiye of tbe 
dorso-centraL The oroeentral is a discredited myth. The dcwao- 
central is a plate at the distal end of the Crinoid stem, t>. in the 
preond lobe (/p in Kg. X.) ; there is no proof that it erer fonned 
part of an apiod system, and it cannot be considered either homo- 
genetic or homoplastic with the abonl central plate sometimes seen 
in SteUeroidea. As for the basals and rsdialB 
of the Crinoid, they are, as stated aboye, 
formed aronnd the right posterior coelom ; 
this also \a the position of their snpposed 
homolognes in AdtrioM (Fig. XII.), and 
MacBride's argument that their rdati<us 
to the stem are different^ does not seem 
fatal to the aboye theory. What is fatal 
\a the conclnsion to which the evidence of 
Fio. xn fossils forces ns — that the free Echinoderms^ 

Dora], le abond, Tiew of ^ ^^7 aross from Stalked forms at all, 
^SS^^iiJS^ indubitobly did so ages before a calycinal 

lobe 0)j) now on oebT nd« ; system had been evolyed. £yen among 
bTfi?!!tarmu^*i^^(^2u Stalked forms it appears that regular apical 
bS!3fc8)rMd'l?VS thJ systems arose independently in different 
fl^oiued dono-eentni; JT, Imes of descent. If, howevor, it be im- 
"^^^'^ ^ possible to regard the apical systems of 

Echinoidea and SteUeroidea as homogenetic with that of Chrinoidea, 
there can be no objection to the statement that similar plates are 
developed in a similar position with regard to the fundamental 
anatomy, under the influence of somewhat similar causes. 

The Asteroids were probably the last group to branch off from 
the fixed Echinoderms. Hence it is that they retain many features 
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of the Feniadcea, together with epithelial nerves on the floor of 
the arm-grooves, as in Pelmatozoa. The Ophiuroids are, fas 
explained under Stelleroidea, scarcely to be distinguished from 
Asteroids. Whether they branched off at an earlier date or no is 
uncertain; at any rate, they have progressed farther from the 
Fentadofa type, in so far as the radial nerves have sunk below 
the surface and are covered by " epineural canals," which probably 
represent closed food-grooves (Fig. XIII. 1 and 2). 




Fio. XIII. 

Sections across ambulacra of— 1, Asteroid ; 2, Ophiuroid ; 3, Ecliinoid ; 4, Holothurian. 
ambf ambulacral OHSicle ; amp^ ampulla ; h, radial blood-vessel ; cm, circular muscles ; d.s, 
ventral scute ; e, radial epineural canal; 2m, longitudinal muscles ; 2.5, lateral scute ; m, muscles ; 
n^ radial nerve of superficial oral system ; n2, radial nerves of deeper oral system ; p, podium ; 

pseudhaemal canal ; v.o, vertebral ossicle ; -w, radial canal of the water-vascular system. 
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The development of Echinoidea has been studied by J. Miiller 
(1852), Agassiz (1864), Metschnikoff (1869), Bury (1889), and 
many others. The results are summarised by Th6el in his admir- 
able account of the development of Echinocyamus pusUlus (1892). 
Up to the stage corresponding to the Dipleunda no important 
divergences are manifest. The peculiarities of the ensuing meta- 
morphosis appear due to the extreme development of a free- 
swimming Fluteus (Fig. XIY.). At an early stage there is an 
invagination (am) of the ectoderm on the left side between the 
bases of the ventral and dorsal posterior processes of the Fluteus, 
The inner end of this sac grows towards the left hydrocoel, 
while its opening nearly or quite closes (Fig. XV. 1). The five 
primitive lobes of the hydrocoel grow up into the floor of this 
sac (Fig. XV. 2), which thus serves as a kind of amnion in which 
the young sea-urchin is formed (Fig. XV. 3), until the size of the 
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Fw. XIV. 

PI«lrm«arJdUiioey(m«tf(afterlli«d). 
About 75 times Bst liMu 

■zptaaatkn of letters to Vlgs. 
XIV. and XV.-^uc, saterior coelom ; 
a.d, SDtnior dorssl aim; «a^ am- 
Biotie inYBgiiiatkm ; 0.9, anterior 
Tentral aim; ke, hydroooel; Jk}*, 
hydropore ; <.]».e, left posterior 
coelom ; 0, moath ; oe, oeaophagns ; 
1>, podia ; pd, posterior donal aim ; 
J9.V. posterior ventzml arm; T,px^ 
right posterior coelom : «, spines of 
Schinoid ; «p, spicules of FhOna : 
9/^, tbe same being absorbed; H, 




Development of EcMnoq/amus (after Th^elX 1. portion of a PliUeus rather more developed 
than in Fig. XIV. ; the ectodennic invagination has grown in towards the left coelom, which U 
now separating into a posterior portion and a hydrocoel. 2, portion of a Pluteus about twelve 
davs old, showing the lobes of the hydrocoel growing into the amnion. 8, the same consider* 
ably more advanced ; spines begin to develop and the amnion is connected with the exterior. 
4, a Pluietu forty-tlve oays old, with spines and podia of the young urchin protruding from the 
amnion. 5, the young urchin, bearing on its oack the remains of the Pluteus spicules and 
integument (x 100). 
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growing tube feet and spines causes it to break through the outer 
wall (Fig. XV. 4). WhUe this takes place the spicular skeleton of 
the Pluieus is absorbed, and the body of the Pluteus shrinks up to 
a sac on the aboral side of the young Echinoid (Fig. XV. 5). The 
hydropore from the first opens on the dorsal surface, which becomes 
the aboral side. The right posterior coelom is also under here, 
as in Stelleroids. The larval stomach becomes that of the adult, 
but a fresh mouth is formed in the centre of the hydrocircus, 
while the anus is a fresh formation at the aboral pole. 

It is easy to understand that, with this amniotic development 
in the body of the larva, most of the traces of the Pentacicta 
stage have disappeared. There is, however, evidence of a preoral 
lobe, while the coil of the intestine and the radiate structure of 
the hydrocoel, nerves, and gonads, bear witness to antecedent 
phylogenetic changes. On those changes light is thrown by 
palaeontology, which teaches us that the primitive Echinoid had a 
spheroidal body, with muscular, flexible walls, in which irregular 
plates were developed ; the mouth was at the centre of the lower 
surface ; the anus on the upper surface, and near it the madre- 
porite (the successor of the hydropore). Combining with the 
dvidence from fossils that from comparative anatomy, we infer 
that the gut had a simple dextral coil ; that the oesophagus was 
surrounded by three rings — water-vascular, blood-vascular, and 
nervous; and that from each ring five branches passed up the 
inside of the body wall to the aboral pole ; that branches from the 
radial water-vessels passed, between the plates in the body wall, 
to the exterior, and became suckers assisting locomotion, the 
complete structures being ambulacra; that gonads were five, 
unpaired, and interradially disposed in the body cavity. Such a 
form had lost the stem of the PerUadceay and had never possessed 
an apical system of plates. It had, however, already developed 
food-grooves, with nerves and ambulacral vessels, while there must 
have been some radiate arrangement of the gonads. The sinking of 
the nerves and closure of the food-grooves forming epineural canals 
(Fig. Xni. 3) probably took place as we suppose it to have done 
in Ophiuroids. Among Pelmatozoa, the Edrioasteroidea (p. 206) 
present a structure removed from that of the primitive Echinoid 
in little but the upward position of the mouth and (probably) the 
madreporite, and the functional food-giooves; the notable point about 
the latter is the presence of openings between the flooring-plates, 
apparently for the passage of processes from the radial water- vessels. 

The peculiarities in the structure and development of the 
Holothurians may perhaps be ascribed to their having in many 
respects regressed fromi the Pelmatozoic towards the Diplewnda 
type (Fig. XVI.). Thus the mouth has again come to lie at one 
end of the body, while the anus is at the other. With the mouth 
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has gone the genital pore ; and the madreporite, though uncon- 
nected with the ex- 

6^ 




Fw. XVI. 

DtainvniiiMitie reeonstniction of the iiiiiftiiiiiil primittTS 
Holothiirian type, for comparison with Fi|^ L, vll., and 
XL 0, inoath ; M, anna ; M^ h jdiopore ; Ube, left hydro* 
eoel ; g^ genital opening. 



tenor in the adult of 
most now firing, mnat 
hare moTed towards 
this end also. Bnt 
there is an important 
difference between this 
and the Diplewfida in 
the coil of ^e gat, and 
the vastly altered rela- 
tions of the coelomic 
cavities with their in- 
tervening mesenteries. 
The arrangement indicates that the month, hydrocoel, madre- 
porite, and associated organs of a PeiUadcta gradually moved 
anteriorly away from the anus, thus coming nearer to the 
stem (preoral lobe of larva) and lengthening the gat by another 
half-coO. When the fixed existence was given up and the 
food -grooves closed in, leaving the external podia from the 
water-vessels, then the rays were able to extend equally in all 
directions from mouth to anus. The anterior ray and the two 
adjoining rays had thus cpme to be on that side of the elongate 
body which was directed towards the sea-floor, and to this diey 
clung, or on it they crawled, by suckers 
which developed on the podia, which 
thus became " tube-feet." The left and 
right posterior rays ran along the upper 
surface of the body, forming the bivium 
of the Holothurian, homologous with the 
bivium of the Pelmatozoa, as shown by 
the position of the hydropore. 

The view has been held that the 
Synaptidae, with their simple structure 
and straight antero-posterior gut, repre- 
sent the simplest and most ancestral 
Echinoderms. But if the above account 
be correct, this simplicity is only ap- 
parent, and is the result of regressive 
changes. Such is the view that now 
finds general favour. The PerUadula 
stage (Fig. XVII.), in the development 
of Synapta, with five interradial circum- 
oral tentacles, slightly curved gut, and aboral anus, is therefore 
not the modern ontogenetic representative of the phylogenetic 
PeniadcMf as Semon supposed. 




Pio. XVII. 

PttUaehiia atage of Sftumla (after 
SeiuonX r, tentaelea ; if, inadre- 
porite ; ite, stone canal ; ft, stomach ; 
oe, snppoaed otocysts; p6, Folian 
▼eside depending tnm nydrocircus ; 
m, longitudinal mnaclea; $k, cal- 
careous spicules. X 84. 
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Further, if our present theory be correct, we must suppose that 
the larval history of the Holothurians has been exceedingly com- 
pressed ; so that, to take but one point, the development of the 
straight larval gut into the coiled gut of the adult takes place, not 
by migration of the mouth and associated organs, but by lengthen- 
ing and twisting of the gut itself. It is noteworthy that the two 
lateral radii of the trivium with their nerves and muscles and tube- 
feet, as well as the oral tentacles to which they eventually give rise, 
develop much more slowly than the three other radii. Those are 
the three radii which are assumed in the above account to be 
homologous with the original three radii of the primitive Pel- 
matozoan (cf. Fig. IX.). 

It therefore appears that the Holothurian stock branched off 
from the Pelmatozoa before complete pentamerous symmetry of 
the hydrocoel and associated organs had arisen, before any definite 
calycinal system had developed, while the gonads were still a 
simple strand opening to the exterior by a single posterior gono- 
pore. The diminution of the skeletal elements did not favour 
their preservation as fossils. Their spicules indeed are found in 
the rocks from at least the Carboniferous downward, but if we 
except the problematic Sphaerites, Quenstedt (1852, nan Dufts), no 
fossil Holothurian is known. The class was perhaps an early 
offshoot from the Edrioasteroidea. This theory explains how it is 
that the Holothurians are primitive in so many characters, although 
the most specialised in others; they are primitive as regards 
Pelmatozoic structure, specialised as regards Eleutherozoic. 

Symmetries. — ^The radial symmetry due to the fixed phylo- 
genetic stage is usually pentamerous. Hexamerous symmetry 
was independently acquired by some Cystidea. Variation from 
pentamerism may arise suddenly (discontinuous meristic variation 
of Bateson), producing hexamerous or tetramerous individuals, or 
species, or genera, according as the sport becomes fixed* There 
may also be a duplication, or further multiplication of radii, as in 
the ten-rayed FromachocrinuSy or an intercalation during growth, as 
in the many-rayed Labidiaster ; this is a different thing from the 
branching of a radius, such as occurs in Crinoids, Astrophytidae, 
and elsewhere. Again there may be variation by gradual atrophy 
of one or more radii, as in Calceocrinidae, and some heart-urchins 
and Holothurians. In spite of these variations, it is generally 
possible to divide the body of an Echinoderm, by planes passing 
through the ambulacra from the long ormain axis, into approximately 
corresponding portions, " antimeres,'' normally five. These planes 
mark the radii, or better perradiiy since the terms ray and radius 
have been used loosely. Organs bisected by them are "perradial'' ; 
such are invariably the main ambulacra! vessels, the arms of 
Stelleroidea and brachia of Crinoidea, with their included organs. 
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Eblf-way between the perradial planes are the planes marking the 
mlerradu. Organs bisected by these are '^interradial"; such are 
ihe interambnlacral areas of the test, the oral plates of Crinoidea, 
the gonads of Echinoidea. Between the perradii and interradii 
are adradUj a term little used in practice ; thecal plates adjoin- 
ing the ambulacrals are called '' adambulacral." In a regular 
pentameroos Echinoderm an interradius is opposite to a perradius, 
and an adradins opposite to an adradius. 

All Echinoderms have a bilateral symmetry. Primitively the 
plane of symmetry, the sagittal plane, is determined by the mouth 
(anterior), the anus (posterior), and the hydropore (dorsal). But, 
in the first place, this sagittal plane, when clearly shown, is not 
the same as the sagittal plane of the DipUurvla. In Pelmatozoa 
it certainly is not ; in Holothurians it only approximates to it. 
Secondly, in Echinoidea and some Cystidea, and in such Asteroidea 
as have an anus, the plane passing through the vertical axis and 
the madreporite {M plane) is not the same as that passing through 
the vertical axis and the anus (anal plane). Thirdly, the rela- 
tions of the anal plane to the M plane and to the radii may vary 
even within a single class, e.g. Echinoidea and Cystidea. Conse- 
quently the selection of any one plane as a plane of orientation 
for the different classes is arbitrary. Also it is convenient. We 
take then the M plane and note that the hydropore lies in an in- 
terradius with a radius opposite to it (Fig. XVllI.). That radius we 
denote by A. Then placing the animal with its mouth upwards 
and going round the test in the direction of the watch-hand {i,e. 
dextrally), we denote the other radii in order, J9, (7, 2>, E. The 
hydropore lies in interradius CD. In a developing Holothurian, 
or in such Holothurians as retain an external madreporite (Fig. 
XVlll. 3), the anus and mouth both lie in the M plane, forming 
the poles of the long axis, while radius A bisects the ventral 
surface ; this therefore is the sagittal plane of bilateral symmetry, 
and Cu^not, 1891, calls it the " Holothurian plane." In a Crinoid 
(Fig. XVill. 1), anus, mouth, and aboral pole, all lie in the M 
plane, which here also is the sagittal plane ; but the anus, in inter- 
radius CD, never marks the aboral pole of the main axis, though 
it may usurp the place of the mouth at the upper pole. Many 
Cystids, and apparently the Blastoids, have a similar orientation. 
Other Cystids differ in that the anus lies to left or to right of 
the hydropore, while the relation of the radii to the M plane 
is not clearly defined. In Echinocystis (p. 301), which probably 
represents the relations in the primitive Echinoid, the symmetry 
remains as in Pelmatozoa ; whUe the mouth is at one pole of the 
main axis, the anus lies in or near the M plane, which is therefore 
the sagittal plane, but the madreporite is near to the aboral pole. 
In later Echinoids the case is altered (Fig. XYIH. 4) ; the first step 
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appears to have been the passage of the anus to the aboral pole, 
the madreporite remaining eccentric and marking interradius OL ; 
whether this CD is identical with CB of EchinocysHs^ is another 
question ; then the anus moved away from the pole in the direc- 
tion of radius B, so that the anal plane made an angle of 72° with 
the M plane. This new plane (interradius DE, radius B) is termed 
by Cu^not the "Echinid plane"; Lov^n (1884) has shown that 
the plates of the five interradii in Echinoidea are disposed sym- 
metrically with reference to this plane. The sagittal plane of many 
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Fio. XVIII. 



Planes of symmetry in Echinoderma (partly after CudnotX 1, Crinoid; 2, aroid; 
8, Holothurian ; 4, Regular Bchinoid ; 5, Irregular Echinoid. As, anus ; M^ plane jpassing 
through madreporite ; Ech, Echinid plane ; L, Lovto's plane. For other letters, see acQo^ng 
text 

other sea-urchins, notably the heart-urchins and their allies (Pig. 
XYIII. 5), i.e, the plane passing through mouth, anus, and apical 
pole, corresponds with neither the M plane nor the Echinid plane, 
but passes through radius D and interradius AB ; Cu^not calls it 
" Lov^n's plane." The bivium (AB) and trivium (C, 2>, j&) of a 
heart-urchin are therefore in no way identical with those parts in 
a Holothurian, a Crinoid, or a Stelleroid. In those starfish that 
have an anus (Fig. XYIII. 2), that organ, as shown by Ludwig, is 
in interradius BC; this with the vertical axis marks the " Asterid 
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plane " of Cu^not. It is scarcely worth while to describe yet other 
divergences of the sagittal plane from the M plane, such as occur 
in Cystidea and Blastoidea. All of them are due to the imposi- 
tion of a tertiary bilateral symmetry, obscuring the previously 
existing secondary bilateralism that had already replaced the 
bilateralism of the Dipleurula. 

OavitieB and their Contents. — The cavities into which the 
thecal cavity is divided by the ontogenetic changes above described, 
are : — (1) Gut and appendages, derived from the archenteron, with 
mouth and anus in part produced by invagination. (2) Coelomic 
cavities : (a) the ambulacral system, derived from the left hydro- 
coel ; (6) the main body-cavity derived chiefly from left posterior 
coelom, which in Pelmatozoa, Stelleroidea, and Echinoidea becomes 
mainly adoral; (c) the aboral body -cavity of Pelmatozoa (with 
^ columnal extensions), of Stelleroidea, 

and of Echinoidea; (d) the axial 
sinus of the same three classes, 
derived from the anterior coelom, 
running down into the stem in Pel- 
matozoa, indirectly connected with 
the hydrocoel through the stone 
canal, and containing "the axial 
organ" (p. 23); (e) a perioeso- 
phageal sinus, sometimes subdivided, 
is completely or incompletely sepa- 
rated from (&), especially in Holo- 
thurioidea, Echinoidea, and Ophi- 
uroidea. 

The coelomic cavities are lined 

t/w^m. ni ^^ pavement endothelium, usually 

/rv^ A im^ ciliated, and sometimes further pro- 
Av^ J- J [|Qj vided with special ciliated or flagel- 
L^Li/ w \kv lated organs which keep the con- 
tained fluid in motion {e,g. "urns" 
of Synaptidae (Fig. V. 4, p. 233) ; 

_ _ ^ "ciliated cups" of Crinoid arms, 

^^7 Gedde8)r'y amoeboid coi?^^ especially pinuulcs ; free flagellate 

with granules of brown ferruginous pig- u ^ -nt.* .j { mi. ii • j • 
ment, perhaps respiratory. 2, amoebofd CCllS Of HiChmoidea). The fluld 18 

t^ T^^' ASiSlSrAjTiS^S similar to that found in the lacunar 
^o/^p^'r^Wic'o^^' "blood-vascular syatem"; it is sea- 
due to haemoglobin. 4 and 6 from the water, perhaps taken m through the 

Uolothorian, ThyontUa gemmaia (after j -^ a. • • • 1.1 

Howell). 4, white corpuscle. 5, oval, madreponte. Containing a vanable 
Xhi.m<SSb?n. KS^'h-^SSSSS! amount of albomen in solution, 

especially in the lacunar system, 
and sometimes slightly yellowish or reddish. In it float various 
bodies, viz. (a) amoebocytes (Fig. XIX. 1, 2, 4) capable of wandering 




Oorposcles of the coelomic fluid. 1 and 
2 firom the Echinoid, Eckintu aphatra 
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through all the tissues, including the skeletal, and containing re- 
fringent granules, proteids, fat, and a yellow pigment called "echino- 
chrome" (MacMunn, 1885) ; they seem to be specialised as bearers 
of reserve food, as calcigenous cells (p. 28), as phagocytes, and 
as bearers to the exterior of waste products often pigmented 
(Durham, 1891, St. Hilaire, 1897) ; (5) red corpuscles with haemo- 
globin (Foettinger, 1880), non-nucleate, but vacuolate or granular 
in water-vessels of Ophiuroids (Fig. XIX. 3), nucleate in various 
coelomic cavities of Holothurians (Howell, 1886; Cu^not, 1891, 
Fig. XIX. 5); the respiratory nature of these is demonstrated by 
their containing haemoglobin. 

Whatever may be the homologies of the hydrocoel, there is, 
physiologically speaking, no nephridial or other excretory system 
in Echinoderma. The function is probably performed by the 
wandering cells just mentioned. 

The Axial Organ has had many functions ascribed to it, as 
shown by its various names : Heart (Tiedemann), Pseudo-heart, 
Central Blood-plexus (Ludwig), Glandular or Chromatogen organ 
(Hamann), Lymph Oland, Madreporic Gland (Koehler), Collateral 
or Plastidogen organ (Perrier), Ovoid Oland (Perrier, Cu^not, and 
others). Genital stolon, Plexiform Gland or Dorsal organ (P. H. 
Carpenter), Kidney (P. and F. Sarasin). The Sarasins (1888) 
give a good account of the literature ; later notes of value are by 
Cu^not (1891) and Durham (1891). Generally it is a brownish, 
finely lobed, often pear-shaped body, showing under low magnification 
a complicated arrangement of tissue strands (Fig. XX. 1). It does 
not occur in Holothurioidea. In the other classes it is developed 
in the axial sinus by irregular growth of endothelium, which forms 
canal-like strands separated from one another by spaces derived 
from the axial sinus; these latter are therefore primitively 
connected with the water-vessels and madreporite through the 
stone canal. Strands growing out at an early age from the central 
plexus become the gonads, but the connection may be lost in later 
life. In association with the genit«] strands are also radiating 
"haemal strands," not true blood-vessels, but serving for the 
transmission of nutrient cells. Such cells, as well as pigmented, 
excretory amoebocytes, are found in quantity in and about the 
axial organ. In Pelmatozoa the axial organ, surrounded by the 
axifld sinus and the lobes of the chambered organ, stretches right 
down the stem (Fig. XX. 2). The position of the axial sinus with 
regard to the gut suggests that nutrient fluid passes by osmosis into 
the axial organ, which thus serves as a kind of distributor, but there 
is no evidence of pulsatile pump-action, %.e, it is no heart. The 
evidence of new cell-formation is too slight to warrant the idea 
that the axial organ is a factory of amoebocytes. There is still room 
far study of this peculiar body, especially through experiment. 
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The Genital Organs throw light on the axial organ, since it 
exists only in those classes in which the gonads are affected by 
radiate symmetry, and not in the Holothurians. It follows that 
the axial organ was a secondary development. Ontogenetically 
the genital strands bud off from one end of it, where a ring is 
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Fig. XX. 

Tlie axial organ. 1, loiigituUiiial section tlirougli part of the organ in the sea-urchin, 
Sphaerechiti'us ffranularis (Rfter Leipoldt). x 860. j)^, pigment nius.se» ; kic, periplieral bIoo<l 
lacunae of the organ ; irr, wandering cells. 2, longitudinal Hection, showing relations of the 
organ to the chanibere<l organ in young Ante4on (after Perrier). ua-, cells of axial organ ; /, 
fibrous membrane, which partly envelo])es it ; <*}), epithelial coat continuous with cliambered 
organ; «, septum of chambered organ; n, nenes proceeding from tibiillar envelope of same ; 
c, cirri, one just budding out ; ac^ atrophied axial canal of Htem, continuous with axial organ. 

formed, and with the extensions of these go also extensions of the 
axial sinus (Fig. XXL). The single gonad of the Holothurioidea, 
connected with the dorsal mesentery, appears therefore to be the 
homologue of the axial sinus and organ rather than of any one of 
the interradial gonads of the other classes. The gonads, therefore, 
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are of endothelial origin. There appears, however, as shown by 
Hamann, to be a migration of the actual sexual cells ; and the 
view of Cu^not that these are primarily amoebocytes derived 
from the axial organ suggests their possible mesodermic nature. 
Compare the migration of sexual cells derived from the ectoderm 
in Hydroids. The growth and minute structure of the ovum have 
been described by Crety (1894), of the spermatozoon by Field 
(1895); both authors refer to preceding literature. No striking 
peculiarity is presented by Echinoderm gonads (cf. Fig. VI. 1). 




1 2 

Fio. XXI. 

Diagrams showing relatioiiH of pRHudhaeiual and water- vascMiIar systems uiiil axial organ in 
Asterias rubens (after GhadwickX 2 is x 50. aJ/.h, aboral lianmal ring ; ox, axial organ ; ax.p, 
axial perihaemai canal ; bm, buccal membrane ; g, genital strands ; gh, absorbent luienial strands 
leading from the gut-wall ; /ir, circumoral haemal ring ; t;>, inner perihaemai canal (cf. Fig. 
XXIl.) ; Z, blood lacunae ; Jlf, madreporite ; n, nerve ring ; op, outer perihaemai canal ; rw, 
radial water- vessel ; rh, radial haemal strands ; st, stomach with foUleil wall ; st.c, stone canal ; 
tor, circumoral water-ring. 

The sexes are nearly always se|)arate, and fertilisation takes place 
in the water. 

The Haemal Systems of Echinoderma are of two types, which 
may coexist, but of which one usually predominates. Neither is a 
true vascular system, but each consists of a series of smaller lacunae 
(spaces without definite walls) or larger sinuses, sometimes appear- 
ing as closed, but probably always having some communication, 
however minute or indirect, with the other cavities of the body. 
The fluid in these spaces differs from the ordinary coelomic fluid only 
in containing more albumen, and has, likewise, no definite circula- 
tion. The systems are: (a) Pseudhaemal, consisting of a ring 
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placed between the ring and radial nerves of the oral Bystem 
above, and the ring and canals of the water-system below. This 
system is dominant, perhaps the only one, in Stelleroidea, where 
it communicates with the general body-cavity and the axial sinus ; 
it is present in Echinoidea and Holothurioidea, in which classes it 
is said to be closed ; it is so much reduced in the Crinoidea that 
its existence is denied by some authors. In Asteroidea (Figs. XXL, 
XXII.) the ring is divided into an outer and an inner ring by an 
oblique septum, from each angle of which a vertical septum passes 
down each radial canal. Formerly the system was supposed to 
develop as a cleft in the mesenchyme, and therefore was called the 
" schizocoelic system " ; MacBride (1896) has shown that in AsUrina 
the inner ring is an outgrowth from the axial sinus, while each of 
the five compartments of the outer ring and canals arises separately 
as an outgrowth of the coelom, the outgrowth in the madreporic 
interradius being derived from the anterior coelom, the rest from 

the left posterior coelom. (b) Lacunar, 
present in all classes except perhaps 
Stelleroidea, and developed as lacunae 
or small spaces in the connective tissue, 
and therefore mesodermal (Fig. XXI.). 
It is differentiated into a network in the 
wall of the gut, absorbing therefrom the 
nutrient fluid, which is carried by a 
main trunk on each side of the gut to a 
circumoral ring; from this run radial 
Fio. XXII. canals, below the pseudhaemal canals 

Diagram of the paeudiiaemai when present, and abovc the water- 

■ystem of ^«t«r(nrt (after MacBride). i i.m 'j. • ^ j •xi_ j. 

I^en from above: M marks the M veSSClS, While it IS connected Wltn net- 

StenJVai^n'irLrrtnra: ""^^^ o« 'he surface of both gonads and 
the one arising ft;om the anterior axial Organ. The lacunar systcm of the 

coelom; ax, axial sinus, passing ? • .1 f t 

towards, but not opening into, the Stelleroiuea differs in the absence of an 
h55"ci^e!7'"g?niteA^^^^^^ absorbent network, and is, says Cu^not, 

a derivative of the axial organ, and 
therefore endodermal, i.e. it is only the pseudhaemal system greatly 
extended. 

Respiration takes place through all exposed processes of the 
ambulacral system, and through the body wall where thin enough, 
as in some Holothurians. Specialised outgrowths or foldings of 
the latter are : the " external gills " of Echinoidea, outgrowths of 
the circumoesophageal sinus ; the paptiae of Asteroids, containing 
diverticula of the body cavity; the hursae of Ophiuroids ; the "pectini- 
rhombs " of some Cystids ; the " hydrospires " of Blastoids and 
some Crinoids. Respiration is also effected by water entering the 
alimentary canal, whether through mouth or anus ; in the latter 
case it is again expelled. Special structures connected herewith 
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are: the "respiratory trees/' which occur in some Holothurians 
as outgrowths from the cloaca ; the anal tube of Grinoids, which 
in some Palaeozoic forms was large and with folded walls, forming 
the so-called " ventral sac " ; the " accessory intestine " of Echinoids, 
a kind of by-pass, permitting water to flow through without 
interfering with the digestive process going on in the main gut. 

Lymi^-glaiida. — The amoebocytes are formed in specialised 
glandular regions of both haemal and ambulacral systems. Of 
the former nature are the radial andpharyngeal vesicles of Regular 
Echinoids, first described by Prouho (1888) ; the greater part of the 

14 9 13 




Fio. XXIII. 

Bchinoderm histology. 1, Ainclamental flbroiis sabstance, with nuclei and an embryonic 
cell, from EeMfiuuUr MpoHdM. 2, stellate embryonic mesenchyme cells of Atieria» glacialis, 
8, gelatinous connective tissue Of Svatangtu purpureu8(x 300). 4, elastic fibres of connective 
tissue from AiUrioi ifiaeialit, 5, flinres finom stalk of a pedicellaria of same. 6, muscle-fibre 
of same. 7, muscle-fibre finom a spine attachment of ToxopnnuUt lividus (x 800X 8, muscle- 
fibre fh>m Jaw pyramid of same ( x 250). 9, muscle-fibres from gut of Spkaenehinus eacuUnhis 
(x 176). 10, transverse section through a muscle-bundle ot Aithenosoma wrens; s, sheath of 
connective tissue from which proceed septa that limit the suialler divisions. 11, stroma 
continued as fibrils across a suture in Spatangtu purpureuty the stereom of the ossicles 
dissolved away. 12, transversely striate muscle -fibres of Echinus acutta. 18, dorsal ligament 
of arm of AnUdon ( x 125X 14, interarUcular substance of I$ooriniu asUriti, 1, 2, 4, 5, 6 (after 
Gu^notX 8, 7, 8, 9 (after UolfroannX 10 (after P. and F. SaiasinX 11, 12 (after HamannX 
18 (after W. B. Carpenter^ 14 (after Job. MUller). 

Stelleroid lacunar system, just mentioned; and the " spongy organ" 
of Crinoids in the oral ring. Connected with the ambulacral system 
are the " Polian vesicles " found in most Echinoderms other than 
Crinoids, and the "Tiedemann's bodies" of Asteroidea (p. 243). 

The primitive Mesenchyme cells, derived chiefly by migration 
from the endoderm, partly from the ectoderm, have a large nucleus 
and indistinct, often amoeboid, cytoplasm. From them are developed 
connective and muscular fibres, amoebocytes and calcigenous cells, 
and intercellular, gelatinous, and fibrous substances. Themuscle-fibre 
(Fig. XXIII. 6-9) derived from a single cell is smooth and straight, 
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clearly defined at the ends, with a lateral nucleus. A few striated 
muscle-fibres are known in Echinoidea (Geddes and Beddard, 1881 ; 
Hamann, 1 887). A semi-muscular, hyaline tissue of wavy, nucleated 
fibrils is peculiar to Crinoidea, and is called "ligament tissue." 
There are also muscles of endothelial origin. OonnectlTe tissue 
fibrils are nucleate and vary in length and shape ; there are also 
rounded or stellate cells (Fig. XXIII. 4, 2). Intercellular substance, 
secreted by mesenchyme cells, often attains great thickness in 
the integument ; it may remain a soft jelly, or become tough as 
indiarubber, or may split up into interlacing fibrils; it usually 
contains amoebocytes and ordinary connective tissue cells ; it forms 
also interarticular substance (Fig. XXIII. 14), elastic ligament, 




Fio. XXIV. 

Stereom fornmtioii. 1, from the liinder i)ortioii of a Plvteus of Echinus mUiaris. s, one of 
the large supporting ro<l8 of the l*futeus ; c, a three-pronged spicule surrounded by a group of 
caleigenous cells, which derive their lime through a nieshwork of pseudopodia and cells (a), 
from the rods of the Plutcus and from their broken ends, which arc seen just below r. 2, 8, 
earliest stages of a spicule of Echinocyamna, surrounded by caleigenous cells. 4, infhibaaal of 
an AntedoH larva forty -eight hoi\rs ohi ( x 230). 5, regular stereom from the outer part of the 
cup of HoUfpiis (x 66). 6, portion of liorizontal section of Holopm cup, showing relation of 
irregular (i) and regular (r) stereom (x 15). 1-8 (after Theel). 4 (after Seeliger). 6, 6 (after 
P. H. (3ari)enter). 

and the walls of internal organs. Parallel structures are found in 
the cartilage of Yertebrata. 

The formation of a calcareous skeleton by the mesoderm was 
as pronounced in the oldest known Echinoderms as it is to-day, 
indeed, more so. To the prickly skin, so commonly a result of 
this, is due the name of the phylum (txi^vos, a hedgehog; Sc/d/xo, skin). 
Amoeboid cells in the mesenchyme have the power of fusing by 
pseudopodia into plasmodia or into reticular tissue (Fig. XXIY.). 
Where the pseudopodia meet and fuse, the protoplasm secretes 
a small calcareous spicule (intracellular, Th^el ; extracellular, 
Semon), which gradually increases in size along the lines of the 
pseudopodia. Such spicules meet and fuse by their processes, 
thus building up a hard tissue (" stereom "), with a structure that 
in section appears reticular, but really is more like a beam-and- 
rafter-work. As, in the growing Echinoderm, the protoplasmic 
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reticulum becomes a more definite stroma, so the pattern of the 
stereom acquires definiteness, and varies in the different parts of 
an individual, as well as in different species. In the course of 
ages the spicules of the adult have themselves come to acquire 
definite shapes characteristic of species, and this is notably the 
case with the complicated " wheels," " anchors," and " tables " of 
Holothurians (Figs. II. 3, 6; V. 6, 7, pp. 222, 233) ; but, as Stewart 
and Bell have shown, also applies to the spicules of the thecal 
cavity in sea-urchins. The spicules of the theca usually fuse into 
plates, those of the appendages (brachia, stem, etc.) into ossicles. 
There is no real distinction; but it is often the case that the 
reticulum of the ossicles runs in straighter lines, while that of the 
plates is a more open mesh-work; this is due to the definite 
arrangement of the connecting fibres of the stroma in the append- 
ages, and when this is definite in the theca the result, as we shall 
see under Cystidea (p. 42), is the same. Attempts to use this 
as an important character in distinguishing brachials from radials 
(p. 112), or a dorso- central from columnals, have no secure 
foundation. The stereom is absorbed by cells similar in outward 
appearance to those which deposit it, and the calcareous salts are 
transmitted by communicating pseudopodia from the absorbent to 
fresh depositing cells. Thus the spicules of the Echinoid Flv4eus 
form a reserve for the growing urchin ; thus, too, the anal plate 
of the growing Antedon is absorbed, and its material used by the 
increasing radials. Th^el, to whose observations (1892-96) much 
of this knowledge is due, compares the reticular tissue, the 
osteoblasts, the osteoclasts, and the " Howship's foveolae " formed 
by the latter, of Yertebrata with the similar structures in Echino- 
derma. Bone in its first stages, especially that formed in connec- 
tive tissue, is marvellously like Echinoderm stereom, and is like- 
wise of mesodermic origin. But, whereas bone is an extracellular 
formation, it is probable that the spicules of Echinoderms, like 
those of Sponges, are intracellular. The otoliths of some 
Holothurians and the biscuit spicules of others (see p. 224) are 
distinctly intracellular formations. Bone, moreover, is phos- 
phate, not carbonate, of lime, and does not retain the markedly 
crystalline character always possessed by Echinoderm stereom, 
even when highly complicated. Each skeletal element of an 
Echinoderm acts as a crystallographic individual, polarising light 
and cleaving along the planes characteristic of calcite. In fossils 
the cleavage is often emphasised by an infilling of the spaces with 
secondary calcite which has axes identical with those of the original 
crystal. According to Semon (1887), every skeletal element begins 
as a tetrahedron, usually in the form of a trifid spine with branches at 
an angle of 1 20"". The formation of similar spicules in sponges has 
been studied by Minchin (1898, see Part II., Chapter on Porifera). 
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The epiblast develops into an ectoderm, ciliated in whole or 
part. In the adult this often becomes merged in the mesoderm 
so as to be indistinguishable ; in Ophiuroids it is for the most part 
calcified by the immigration of calcigenous cells ; in Asteroids and 
Echinoids it remains with its cilia ; in Grinoids it remains on the 
tegmen of some forms, and in the ventral grooves, where it is 
ciliated ; in Holothurioidea it is very variable, being best preserved 
in Synaptidae. From the epithelium is derived the superficial 
" oral nervous system," composed of the circumoral ring and 
radial nerves. In Asteroidea and Crinoidea this remains on the 
surface, but in the other classes it sinks below, while the grooves in 
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Eyes of Echinoderms. 1, the end of a ray in young Asteroid, t, terminal tentacle ; p, podia ; 
€, eye-spot. 2, section across the eye-spot in AtXtriai^ showing stiven eye^caps. en, endo> 
theliuin of perradial water-vessel ; c/, connective tissue fibres ; wn.^ nerve below epithelium. 
8, section across an eye-cup (after Cu^not). dl, cilia ; cut, transparent cutis, below which 
are tlie pigmented and retinal cells. 4, diagram of eye-spot of DUsdema uionwrn^ modified 
fh)m Sarasin. The eye-spot, >vitli its hexagonal elements, is surrounded by the pigmented 
integument, composed of a glandular, columnar epithelium (ep) which merges into the cornea 
(cor) above, and the eye-cups below ; each cup is coated at its base with pigment (pg), and restM 
on a nervous layer Om), below which is again pigment Connective tissue fibrils (q/) pass 
through tliis in places. 

which the nerves originally lay are closed over them, forming 
"epineural canals " (Fig. XIII.). 

Two other nervous systems are formed in Echinoderma : (a) 
the " deeper oral nervous system " from the mesoderm, underlying 
and roughly following the course of the superficial system ; said 
to be absent in Grinoids, but is probably represented by their 
" sub-epithelial system '' \ present in all other Echinoderms except 
those Echinoids that have no masticatory apparatus; it chiefly 
innervates the muscles in the oral side of the body wall ; (6) the 
" apical nervous system," most pronounced in Grinoids, and derived 
from the endothelium of the axial sinus ; it is believed to occur in 
all other classes except Holothurioidea ; it innervates the dorsal 
musculature of the test and appendages. 
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Sense-organs are but slightly developed. They are tactile, 
visual, and auditory or orienting. Tactile organs are furnished 
by the ambulacral appendages, the spines, and the pedicellariae. 
The chief among the ambulacral appendages is the *' terminal 
tentacle," the unpaired end of the perradial water-canal, differ- 
entiated only in Stelleroidea and Echinoidea (Fig. XXV. 1). In 
Asteroids it is coated with columnar epithelium bearing long cilia 
and innervated by the radial nerve; in Ophiuroids this nerve, 
which is sub-epithelial in the arm, becomes epithelial in the 
tentacle ; in Echinoidea the terminal tentacle is a sensory papilla 
penetrating the pore in the "radial" or "ocular" plate of the 
apical system. The remaining ambulacral appendages, the podia, 
whether sucking feet, as in Echinoidea, Holothurians, and Asteroids, 
or tentacles, as in Ophiuroids and Crinoids, are highly sensitive, and 
sometimes have special developments. Thus, on the adoral side 
of the oral tentades of Synaptidae are two rows of papillae, of 
which the tip is concave and ciliated ; these are called " sensory 
buds," and supposed to be organs of smell or taste. Again, the 
podia of Crinoids have small papillose projections, each papilla 
armed with three stiff but fine hairs. Similar papillae, sometimes 
more developed, occur in some Ophiuroids and Echinoids. Spines 
occur chiefly in Echinoids, less pro- 
nounced in Stelleroids, and rarely in 
Crinoids and Blastoids. Not all spines 
are sensory. The smaller spines of Cidar- 
oida, surrounding the larger spines and 
the main openings of the theca, are 
covered with ciliated epithelium, and 
bear tactile hairs at the tip ; the minute 
spines (damUae) on the fascioles of Spat- 
angidae (see p. 319) likewise have a 
ciliated integument, probably with sen- 
sory cells. The club-shaped spines of 
some Ophiuroids are covered with a 
glandular and sensory epithelium. Fedi- 
cdlariae occur in all Echinoids, some 
Asteroids, and a few Ophiuroids; they are 
small, forceps -like appendages derived 
from spines (see p. 287). All are covered 
with a glandular, sensory epithelium, 
which in the " glandular pedicellariae " 
of some Echinoids develops special tactile 
prominences. Visual organs are known 
only in all Asteroids, a few Echinoids, and 
Synapta^ but other (probably all) Echinoderms are sensitive to light, 
owing, perhaps, to the action of the pigment-bearing amoebocytes. 




Fio. XXVI. 



A single cup of Fig. XXV. 4, 
reconstructed fh>m the evidence 
of Sarasiii. Outside is a ciliated 
cuticle, covering the transparent 
cellular cornea ; below is a refrac- 
tive body (r<0. possibly a vacuo- 
late and multinucleate cell ; the 
nuclei (ns) lie in strands of proto- 
plasm ; outside the base of the 
cup is a layer of anastomosing 
pigment cells, which pass up trom 
the pigment layer below through 
the ganglionated (gg) nervooa 
layer. 
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In Asteroids (Fig. XXY. 1) an eye-spot (e) lies at the base of each 
terminal tentacle (^) on its aboral side. This spot is a red cushion 
in which are many conical cups, each representing an eye (Fig. 
XXY. 2). The wall of each cup is formed of pigment cells and 
interspersed unpigmented retinal cells (Fig. XXY. 3). The 
Echinoid Diadema setosum has a black integument with numerous 
spots which, owing to interference of light, appear blue. Each 
blue spot, as proved by P. and F. Sarasin (1887), is a com- 
pound eye (Fig. XXY. 4). The structure of a single element is 
shown in Fig. XXYI. Supposed auditory organs ("Baur's 
vesicles" or otocysts) have been described only in some Holo- 
thurians, e.g. Synapta (see Fig. XYII. oc; also p. 234 and Fig. Y. 5 
on p. 233). The sphaeridia of Echinoids (see p. 288) are sup- 
posed to be organs of orientation, or of taste and smell (Lov^n), 
or for appreciating chemical changes in the water (Ayers, 1885). 
They occur only on the oral side of the theca, and when the 
animal is in the natural position they hang down like the clapper 
of a bell ; but when the animal is tilted, each sphaeridium presses 
against the nerve cushion surrounding its stalk. 

Distinctive Characters of Phylum and Classes. — The foregoing 
account has introduced the fundamental features of Echinoderm 
morphology, laying stress on characters common to the whole 
Phylum rather than on those that distinguish the various classes. 
It has, however, tended to show the inner meaning of those out- 
ward distinctions between the chief types with which the chapter 
opened, and the student may perhaps have realised that "the 
homologies within the Echinoderm stock " are, as Semon has in- 
sisted, often more apparent than real. In drawing up a definition 
of the Phylum that shall include the most primitive forms of fixed 
Echinoderms known, one cannot utilise most of the characters 
usually thus employed in systematic treatises, since they are 
secondary, homoplastic acquisitions, often with no true homology. 
It is, for instance, not sure that all Echinoderms have a radiate 
symmetry, even an obscured one. It is true that all recent 
Echinoderms have a lacunar, haemal system ; but that system in 
Stelleroidea is not homologous with the one in Crinoidea. It is 
highly probable that all animals to which the name " Echinoderm " 
could have been applicable since the beginning have had a portion 
or portions of the anterior coelom specialised as a hydrocoel ; but 
this is different from the questionable assertion that all Echino- 
derms have an ambulacral system. 

On the other hand, in any attempt to limit the several classes, 
respect should be paid to deep-seated structures illustrative of past 
history and genetic affinity rather than to the obvious but super- 
ficial differentiations that characterise the representatives now 
living. We have to make our classificatory partitions run back 
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as far as possible. Since the factor determining the lines of 
evolution appears to have been position with regard to the sea- 
floor, this must no longer be contemned as *^ mere difference of 
habit." The first Echinoderms were not necessarily fixed, but 
fixation probably affected all representatives of the Phylum at an 
early period and produced gradual changes, the first being the migra- 
tion of the mouth and left hydrocoel to the upper pole. Those 
forms in which the oral pole remained uppermost, whether actual 
fixation by the aboral pole persisted or no, are to be distinguished 
from those in which the oral pole again shifted, accompanied by loss 
of fixation. Leuckart's term Pelmatozoa (1848), though primarily 
connoting the actual or potential possession of a stalk, has come 
into general use for the former group. The term Statozoa, pro- 
posed by Bell (1891), implies absence of locomotion, and is 
therefore not so great an improvement as to compel its adoption, 
'the term Crinoidea was extended by Boemer (1851) to include 
all Pelmatozoa, but such extension does violence to the intentions 
of J. S. Miller, the coiner of the name (1821). The forms with 
oral pole uppermost may, it is true, be divided into classes ; but, 
as maintained by Huxley and Ray Lankester, their genetic con- 
nection is BO evident that it should be recognised by the establish- 
ment of a Sub-phylum, to which we shall continue to apply the 
name Pelmatozoa. The included classes, as hereafter explained, 
are tho Cystidea, Blastoidea, Crinoidea, and Edrioasteroidea. The 
remaining classes of Echinoderma have been placed together by 
P. H. Carpenter and others as Echinozoa, but may more con- 
veniently be spoken of as Eleutherozoa (a term originally used by 
Bell in a sense excluding Holothurians). Their genetic connec- 
tion, however, is only that due to descent from the Pelmatozoa ; 
even if all Eleutherozoa descended from one class of Pelmatozoa, 
they did so at widely differing periods. The Holothurians must 
have cast loose before the genital organs had been affected by radial 
symmetry, and are thus, as well as by the horizontal position of 
the oro-anal axis and the retention of the M plane as sagittal, 
sharply distinguished from Echinoidea and Stelleroidea. The two 
classes last mentioned were with some reason opposed by 
Leuckart to Pelmatozoa and Holothurioidea (or Scytodermata, 
as he called the latter) as Actinozoa ; but they differ in important 
features. If Cu^not's interpretation of the lacunar systems be 
correct, it seems as though the Echinoidea branched off before 
radial symmetry had greatly affected the coelomic lacunar system 
derived from the axial sinus; similarly the digestive system 
retained its coiled and non-radiate arrangement; moreover, the 
sinking of the ambulacral water-vessels and nerves below the test 
here diverged further from the Pelmatozoic type than is the case 
in Asteroidea. The extension of the ambulacra nearly to the 
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aboral pole in Eebinoidea and the development of a special 
terminal plate at the end of each ray in Stelleroidea afford 
features of much diagnostic valne, bnt of less morphological im- 
portance. English writers have usually regarded the A^roidea 
and Ophiuroidea as well-defined classes. The normal forms are 
in fact markedly separate, but the eyidence of ontogeny, as well 
as the existence of connecting links now, and the approxima- 
tion of the two groups in Palaeozoic time, renders this yiew 
difficult of acceptance, so that they are here combined in a class 
Stelleroidea. 

DiagnosiB of Echinodenna. — Metazoa, coelomata, triptoblastica, 
living in salt or brackish water, with a primitive bilateral sym- 
metry still manifest in the right and left divisions of the anterior 
and posterior coelom ; with a hydrocoel primitively developed from 
each half of the anterior coelom, and connected with the exterior 
by a water-pore ; with stereom composed of crystalline carbonate 
of lime deposited by special amoebocytes in the meshes of a 
mesodermal reticulum or stroma, chiefly in the integument (absent 
only in the highly modified Pdag<^kwria^ p. 230, and, according to 
Koehler, in the Holothurians Stichopus paUens and S, tarvus) ; with 
gonads derived from the endothelium, apparently of the anterioi* 
coelom ; total segmentation of the ovum produces a coeloblastula 
and gastrula by invagination ; mesenchyme is formed in the seg- 
mentation cavity by migration of cells, chiefly from the hypoblast. 

Known Echinodenna show the following features (imagined to 
be due to an ancestral Pelmatozoic stage) : — Increase in the 
coelomic cavities of the left side and atrophy of those on the right ; 
the dextral coil of the gut, recognisable in all classes, though 
often greatly obscured; an incomplete secondary bilateralism 
about the plane including the main axis and the water-pore or its 
successor, the madreporite, often obscured by one or other of 
various tertiary bilateralisms ; the development of the hydrocoel 
into a circumoral, arcuate or ring canal, che hydrocircus ; except 
in the small (but increasing) number of known cases in which care 
of the brood has secondarily arisen, development is through a 
free-swimming, bilaterally symmetrical, ciliated larva, of which 
in many cases only a portion is transformed into the adult 
Echinoderm. 

All living, and most extinct, Echinoderms show the following 
features (almost certainly due to an ancestral Pelmatozoic stage) : 
— An incomplete radial symmetry, of which five is usually the 
dominant number, is superimposed on the secondary bilateralism, 
owing to the outgrowth from the peristome of one unpaired and two 
paired ciliated grooves ; these have a floor of nervous epithelium, 
and are accompanied by subjacent radial canals from the hydro- 
circus, giving off lateral podia and thus forming ambulacra, and by 
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a pseudhaemal Bystem of caDals apparently growing out from 
coelomic cavities. 

All living Echinoderms have a lacunar, haemal system of 
diverse origin. This, the ambulacral system, and the coelomic 
cavities contain a fluid holding albumen in solution and carrying 
numerous amoebocytes, which are developed in special lymph- 
glands and are capable of wandering through all tissues. 

The Echinoderma may be divided into seven Glasses, the 
mutual relations of which are roughly represented in the annexed 
table. 

/'Cystidea Edrioabtbroidea 

I 



P£LHAT0Z0A< BlASTOIDSA 

V Ckinoidea 



— HOLOTHUBIOIDKA "^ 

— ECHINOID.A [(EL.UTHEBOWA) 

— Stelleroidka j 
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CHAPTER IX. 

THB PBLBCATOZOA — CYSTIDKA.^ 

GRADE A. PELMATOZOA, Lbuokabt (1848) 
( s Crinoidea, senm lata Audi,), 

Class I. Cystidea. 

„ II. Blastoidea. 

„ ni. Crinoidea. 

„ IV. Edrioasteroidea. 

EoHiNODERMA with the viscera enclosed in a calcified and plated 
theca, of which the oral surface is uppermost, and which is usually 
attached, either temporarily or permanently, by the aboral surface. 
Food brought to the mouth by a subvective system of ciliated 
grooves, radiating from the mouth either between the plates of the 
theca (endothecal), or over the theca (epithecal), or along processes 
from the theca (ezothecal : arms, pinnules, etc.), or, in part, and 
as a secondary development, below the theca (hypothecal). Anus 
usually in the upper or oral half of the theca, and never aboral. 
An aborally placed motor nerve-centre gives off branches to the 
stroma connecting the various plates of the theca and of its 
brachial, anal, and columnar extensions, and thus co-ordinates the 
movements of the whole skeleton. The circumoesophageal water- 
ring communicates indirectly with the exterior ; the podia, when 
present, are respiratory, not locomotor, in function. 

The origin and meaning of many of these characters have 
already been discussed in the general section. The origin of 
others will be traced in following the history of the Grade ; and 
many of them will be more fully discussed under Crinoidea, in 
which class alone are they adequately known. 

The classes of Pelmatozoa here adopted are of very unequal 

^ By F. A. Bather, M.A. Since the minority of Pelmatozoa, being of extinct 
types, present peculiar difficulties, the student unfamiliar with Echinoderm structure 
it recommended to begin either with the description of a simple Crinoid (Chapter XL), 
or that of a Starfish (Chapter XIV.). 
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value ; and to- place them either in a line or side by side does not 
represent their phylogenetic relations. Such, probably, would be 
better shown by placing a primitive class, Amphoridea, at the 
base and deducing from it several lines of descent, viz. Edrioas- 
teroidea, Anomalocystida, Aporita, Bhombifera, and Diploporita. 
From the Edrioasteroid line, we may suppose, there sprang first 
Holothurians, then Stelleroidea, then Echinoidea, while the line 
itself still survived in more specialised forms to the close of the 
Carboniferous period. The Diploporite line ought properly to 
include the Blastoidea \ and from it probably there arose, as a fresh 
development with a new lease of life, the important class, 
Crinoidea. The other lines were unsuccessful and none survived 
the Silurian. But to make the classification coincide absolutely 
with this history, which after all is not yet proven, would be to 
reject names and classes that have held the field for more than 
half a century in favour of new and unaccepted terms. Old 
names, therefore, have been retained so far as possible. The 
diversity of existing opinion, however, may serve as excuse for a 
few novelties. Such are the use of Haeckel's Amphoridea, in an 
emended sense ; the resuscitation of Edrioasteroidea ; the emenda- 
tion of the Bhombifera, Aporita, and Diploporita, and of the 
included families, which, when not new, are rarely used in the 
sense of the original proposer ; the extension of the Blastoidea, 
and their division into Proto- and £u-blastoidea ; a considerable 
revision of the accepted classification of £ublastoidea ; and a 
recasting of the classification of Crinoidea. 

CLASS I. CYSTIDEA, Von Buch (1844). 

Order 1. Amiihoridea. 
„ 2. Bhombifera. 
„ 3. Aporita. 
„ 4. Diploporita. 

Pelmatozoa in which radial polymeric symmetry of the theca 
is developed either not at all or not in complete correlation with 
the radial symmetry of the ambulacra (such as obtains in Blastoidea 
and Crinoidea); in which extensions of the food -grooves are 
exothecal or epithecal or both combined, but neither endothecal 
nor pierced by podia (as in Edrioasteroidea). 

The earlier and more primitive Cystidea represent the pelma- 
tozoic stage through which the Ecbinoderm race passed, on its 
way from the Dipleurula to the various classes. They shed light 
not only on the origin of those classes, but on the still more 
ancient ancestor of the Phylum. The remarkable adaptability of 
the Echinoderm type, the mode of origin of many ergans, and the 
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biological phenomena of homoplasy and convergence, can also be 
studied in this class. 

The Gystidea were first separated from other Echinoderms, 
under that name, by L. y. Buch in 1844 and 1845. His definition 
laid stress on the fixed condition, the irregularity of the thecal 
plates, and the absence of arms like those of Crinoidea. Sub- 
sequent discoveries of stemless cystids, of cystids with radial 
symmetry in the theca, and of arm-like structures in most cystids, 
have made the letter of this definition untenable ; but its spirit 
holds good. The difficulty that this class has presented to 
systematists is chiefiy due to these factors : (1) The rarity and ill- 
preservation of these old Palaeozoic fossils; (2) the ancestral 
nature of the group and the consequent existence of links between 
it and other groups ; (3) the wrongful ascription to the Gystidea 
of various genera (e.g. Poromniw, StephanocrinuSj Hypocriwva^ 
Echinocystis) ; (4) the extraordinary diversity of structure in the 
class, a feature common to most groups at their origin, and pro- 
ductive in this case of many lines of development, only a few of 
which have become so severed from the rest as to be regarded as 
independent classes {e,g, Blastoidea and Crinoidea, distinguished 
by all ; Edrioasteroidea, distinguished by a few ; Anomalocystidae, 
not distinguished, but quite as separate) ; (5) the rapid develop- 
ment of the class, from the exceedingly simple Aristocystis to such 
highly specialised forms as Lepadocrinus, CaryocrinuSy and Mesocystis, 
Hence the diagnosis cannot be elaborate, and must be mainly 
negative. 

Most of the classifications hitherto proposed have been based 
upon one set of characters; thus ZitteVs (1879) adaptation from 
Johannes Miiller (1854) is according to the structure of the thecal 
plates (Aporitidae, Diploporitidae, Rhombiferi); Barrande's 
division (1887), not intended as taxonomic, is according to the 
number of openings in the theca. A far better arrangement is 
that initiated by Pictet (1857), extended by Bronn (1859), and 
modified by Dujardin and Hup^ (1862); this, however, is rather 
a key to genera than a classification into orders and families. 
Attempts have also been made (e.g, Forbes, 184^; and.Neumayr, 
1889) to determine the lines leading from the Gystidea to other 
classes; and on such principles Steinmann (1888) founded his 
classification into Eucystoidea, Gystechinoidea, Gystasteroidea, and 
Cystocrinoidea. A classification on true phylogenetic principles 
was first published by Haeckel (1896), who only failed from want 
of acquaintance with the facts of Gystid structure. The classifi- 
cation in this text-book attempts to express the 'actual lines of 
descent as inferred from an independent study of the fossils. 

The main lines of descent are these. The starting-point is a 
simple, many-plated, sac-like form (e.g. AristocysUs^ Fig. II. p. 44), 
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in which neither ciliated food-grooves, though perhaps present, 
nor radial ambulacral vessels, have left any trace on the skeleton, 
in which the porous structure of the stereom is indefinite, and in 
which no stem is differentiated. Modifications of this soon 
appeared in many directions. In one direction arose an antero- 
posterior flattening of the theca and the extension of food-grooves 
along two lateral articulated spines, with a peculiar and character- 
istic arrangement of stereom ; this was accompanied by develop- 
ment of a stem (Anomalocystidae, pp. 49, 52, Figs. XI.-XIII.). In 
another direction was an extension of the theca downwards to 
form a stem, and upwards from the mouth to form a single jointed 
process for the support of a ciliated groove (Dendrocystidae, 
p. 47, Fig. IX.). Neither Anomalocystidae nor Dendrocystidae 
proceeded very far, and they may conveniently be grouped with 
Aristocystidae and a few other primitive forms into an order, 
Amphoridea, distinguished from the r^st chiefly by absence of 
radial symmetry in food-grooves and ambulacra. 

A very difl'erent modification was that which produced a theca 
flattened horizontally, with five ciliated grooves passing from the 
mouth between its plates (" endothecal'"), and protected by distinct 
covering-plates; ambulacral vessels lay beneath or within the 
grooves, and podia from them passed between the adjacent thecal 
plates. So different is this type from those of other Echinoderma, 
that such forms have here been separated as a class, Edrio- 
ASTEROIDEA (Chapter XII.). 

Returning to the primitive Amphoridea, we find a difficulty in 
distinguishing some of them from their immediate descendants, 
owing to the very slight traces left on the theca by the originating 
extensions of the food-grooves. Those forms in which such traces 
are perceptible may almost from the outset be grouped under two 
heads. One group includes those in which the grooves wander 
outwards from the mouth over the thecal plates, which gradually 
become arranged regularly on either side of the grooves, while still 
further extensions ascend from the " epithecal " grooves on small 
"exothecal" processes called " brachioles." In the other group 
the grooves do not tend so much to stretch over the theca as to be 
raised away from it on relatively larger brachioles, arising in 
the immediate neighbourhood of the mouth. 

At the same time, a difference manifests itself in the structure 
qf the thecal plates. From the indefinite relations of stereom and 
stroma noticed in earlier Amphoridea arise two types of structure 
(Fig. I.). The canals traversing the stereom, more or less per- 
pendicularly to the thecal surface, either cease to be simple 
(" haplopores ") and become connected in pairs ("diplopores ") still 
perpendicular to the surface ; or they come to lie parallel to the sur- 
fiitce and at right angles to the sutures. In the latter case we may 
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suppose that the canals represent stroma strands continuous 
across the sutures ; those crossing any one suture come to occupy 
a rhombic area bisected by the suture-line, and, since, in weathered 
plates, there appear to be pores at the ends of these canals, the 
areas have been called " pore-rhombs " (Poren-rauten, see Fig. XV., 
Eckinosjphaeia^ and XVI., Orocystis), There also takes place a gradual 




Fio. 1. 

structure of the test in Aristoc vstidae. 1 , plate of Aristocyatis bohemicus showing haplopores, 
some of which are connected by a horse-shoe canal, x 4 ; 2, portion of same farther enlarged ; 8, 
portions of surface of other specimens, gradually leading up to such a structure as in 4, a plate 
of Calix Sedgwicki, with diplopores ; 5, a diplopore of rather different form ; 6, section of a 
diplopore ; the hypostereom is shown, but the euiatereom, if there were any, is removed ; 7, a 
natural replacement (by infiltration of mineral matter) of the original stroma-strands and 
sutures in plates of Caiix (?), the stereom dissolved away ; 8, plates of ArigtocystU in similar 
condition snowing vertical strands (=haplopore8) in the middle, aud radiating strands at the 
sutures. All figures enlarged. (1, 2, 8, and 8 after BaiTande ; 4 and 7 after Rouault.) 

increase in the area, and a decrease in the number, of the thecal 
plates relative to the size of the theca; perhaps the folds that 
often radiate from the umbo of each plate are connected with this, 
for they must have strengthened the plates, Ijjse the folds in cor- 
rugated iron or pasteboard. These folds may coexist with diplo- 
pores or with pore-rhombs ; but they are clearly more adapted to 
the latter structure, and often seem to merge with it and accentuate 
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it. Thus is evolved a highly specialised type of stereom-folding 
known as a " pectini-rhomb." Now, although it is difficult to 
separate all the forms at the first parting of the ways, it is soon 
seen that diplopores are almost confined to the genera with 
epithecal extensions of the subvective system, while those with only 
exothecal extensions are characterised by pore-rhombs or pectini- 
rhombs. There is therefore justification for the old divisions 
DiPLOPORiTA and Rhombifera, as orders, in a restricted sense. 

The Diploporita (p. 70) show a gradually increasing regularity 
of structure in the food-grooves, and in their relations to the 
theca, leading almost imperceptibly to the Blastoidea. So much 
is this the case that it seems well to separate from the Gystidea 
certain forms in which " the radial polymeric symmetry " is " in 
complete correlation with the radial symmetry of the ambulacra '' 
(see definition, p. 39), and to refer them to the Blastoids as an 
order Protoblastoidea (p. 79). The only alternative is to make 
the Blastoids an order of the Gystidea. 

In many of the Rhombifera (p. 52) a peculiar modification of 
the food-grooves takes place, in that they are continued over the 
theca, not directly on the thecal plates themselves, but by a 
proliferation of plates from the mouth region. The grooves tnus 
formed have been termed " recumbent arms " or " pseudambulacra,'' 
and are fringed with brachioles. This type of ambulacral structure 
was independently developed in this order more than once ; but it 
is most common in the group of genera characterised by pectini- 
rhombs and by pentamerism in the theca (family Glyptocystidae, 
p. 58). A group with pore-rhombs highly developed inside the 
theca, and with hexamerous symmetry, is distinguished as the 
family Garyocrinidae (p. 65). In it the food-grooves tend to be 
enclosed by thecal plates (" hypothecal "). 

The orders already mentioned do not include all genera that 
come under the terms of our definition of Gystidea. From early 
forms of Rhombif eri, or perhaps even directly from Amphoridea, 
there arose a small group in which neither diplopores nor pore- 
rhombs were developed, at all events to the same extent, but the 
number of thecal plates was greatly lessened and exothecal 
brachioles were developed. The best known of these is Cryptocrinus 
(p. 69). One might adopt Aporita {sens, sir.) as an ordinal name. 

Order I. Amphoridea, Haeckel {lS96y pars). 

Primitive Gystidea in which radial symmetry has affected 
neither food-grooves, nor thecal plates, nor, probably, nerves, 
ambulacral vessels, nor gonads. 

Haeckel included under this name rather more forms than are 
here referred to it, and separated them from the Gystidea as a 
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primitiye class of Echinoderma, comparable to the Pentactula 
stage passed through in the development of all their descendants. 
The more characteristic and undoubted Amphoridea, however, 
represent only a stage in the development of the Echinoderm type 
and not a divergence; they are too intimately connected with 
more specialised Cystidea to warrant separation as a claBS. It 
should also be remembered that, though such a stage as tlus 
probably was actually passed through, still forms are liable to be 
referred here, owing to our ignorance of their true structure. 

Family 1. Aristoctstidab. Amphoridea without extension of food* 
grooves, epithecally, endothecally, or on exothecal skeletal processes. 
Theca composed of numerous plates without regular arrangement or 
specialised stractare. No stem. Genera — iimtocy^tu^ Barrande (1887), 
Ordovician, Bohemia (Fig. II.), is in many respects the simplest Echino- 
derm known. The ovoid 
theca is composed of 150- 
200 plates, of no definite 
shape or arrangement, but 
with a tendency in the nar- 
rower, aboral half of the 
theca to form transverse rows 
of elongate hexagons. The 
animal usually fixed itself to 
some solid body by a portion 
of the theca at or near the 
lower pole (B). At the upper 
pole is the mouth (0), a 
wide slit in the transversal 
plane, with slightly raised 
edges. About a third of the 
way down the theca is the 
roaud anal opening (ii«), 6-8 
mm. in diameter, closed by 
six or seven triangular plates, meeting in the centre, and known as 
"the valvular pyramid." Between mouth and anus, and usually a 
little to the left, are two smaller openings — a transverse slit (Jlf) 
close to the mouth ; and a round pore (6) close to the anus. Of these Af 
is regarded by P. H. Carpenter (1891) as the hydropoi'e, and Q as the 
gonopore, a view accepted by Haeckel (1896) and atlopted here. There is 
no trace of calcified arms or brachioles, whether jointed or solid, nor even 
of epithecal or hypothecal extensions from the hydro6oel ring or from the 
mouth. The hydrophores palm^ described by Biarrande, and supposed by 
Neumayr (1889) and P. H. Carpenter (1891) to be subtegminal ambulacra, 
are really epithecal food-grooves, and have not Been proved to belong to 
this genus. The plates of the theca are thick^ especially at its lower end) 
they are said by Barrande to be composed of three layers (Fig. III.) : 
(e) outer, thin, smooth, and solid ; (m) middle, thick, pierced by irregalar 
canals, more or less at right angles to the outer surface ; (h) inner, thin, 




ArUtocystU bohemiau. 1, side viow ; 2, oral view, 
both 4 iiAt. size ; 3, biusp, showing impression of OaNtro- 
pod shell, X |. The lettering is explained in the adjoin- 
ing text. (All adapted from Baminde.) 
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passing up into the suture lines and into the ends of the canals, smooth 
on its inner surface. Doubt has been cast on the existence of these three 
layers, but examination of well-preserved specimens suggests the follow- 
ing interpretation : — (m) is homologous with the " mesostereom '' of all 
Echinoderms, its plates were deposited in a stroma of connective tissue, 
and presented not only large meshes, but continuous larger canals for 
the passage of strands of stroma, and perhaps of lacunar blood-vessels : 
the stroma was thus continuous throughout each plate, and strands often 
passed over the outer surface, uniting the larger strands and sometimes 
producing the grooves bent in Lorse-shoe, as at 2 in Fig. I. ; (e) is not 





Fio. III. 
Section of test in .1rt«tocy«ti«, in the r%%\Q\\ 
of a sutui-e (»). Shows epistereom («), meao- 
Htereom (wt), and hyoontereom (A), w Im pierceti 
by haploiHJres which are joined above at 2, 2. 
(OriKinal diagram, niag.'iitled about 10 diuni.) 




Fio. IV. 

OoZtx Sedawicli, from a recon- A tninMvei*Me section of a plate of Calix MurdiisonU 

struction by Ronanlt ; about the stroma -strantiM rephiced by intillin^ matrix, the 
nat. size. stereoni dissolved away. >c tf diam. (After Uoiiaiilt.) 

a truly calcified epistereom, but probably represents a hard epidermis ; 
there is little doubt that some structure did actually cover the outer ends 
of the canals ; (Ji) represents the inner Liyer of the integument, which 
towards the margins of each plate was often differentiated into elastic or 
muscular strands, uniting adjacent plates and giving flexibility to the 
thcca ; if calcified, this layer would l>e homologous with the " hypo- 
Btereom" of many Crinoids, but, as in the case of («), there is only 
preserved to us the space which it occupied, filled with subsequent 
infiltration or with iron oxide precipitated during the decomposition of 
the organic matter. The primitive features of Aristocystis are then : 
indefinite shape of theca, indefinite arrangement of plates, undifferentiated 
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structure of ttereom, abeence of stem and of definite base of attachment, 
absence of armS| absence of ambulacra, a single and independent f^nopore 
as in Holothurians. Coitx, Bouault (1851-78 ; s]m. QmUtina^ Barr. pars, 
1887X Ordovidau, France and Bohemia (Fig. IV.). The theca is a bowl 
or vase of very thick plates, with an oral covering of very thin ones 
rarely preserved. There is usually a marked hollow at the lower end. 





Yw. VI. 

1, Cri2(x bo/tnttioo, ftom tlie side ; towards the bane th« porm are covered by a smooth epi- 
dermis. 2, C. ezeaeata, the tegmen. Both naX, sixe. (Alter Baziande.) 

but Q, Sedgtoicki, Rouault's type- species, has a short, stem -like promi- 
nence (St), The canals in the plates tend to definiteness of arrangement, 
especially at the lower end, where they seem to radiate from the hollow. 
The connection of the canals at their outer ends, to form pairs, is often 
marked (Fig. V.). All these characters are exaggerations of some already 
noted in AristocysUs, The tenuity of the upper surface, and its conse- 
quent disappearance in most specimens, have 
permitted the reco^niition of only one aperture, 
which is pentagonal, and probably represents the 
anal pyramid (Fig. VI. 2). Specimens with hydro- 
phores palmtes have been referred to this genus, 
but belong to (p. 73) Diploporita. Piiocy$tu^ 
Lapillocygtis, and Acanthoajstis^ Cambrian, and 
Baculoofstis, Ordoviciau, Bohemia, all described 
by Barrande, are probably referable to this order 
if not to this family. Z.(><2an«/2a, Kayser (1885), 
Lowest Devonian, Qermany, though called a 
sponge, is very like CcUix. DeiUocyitu, Barr. 
(1887), Ordoviciau, Bohemia (Fig. VIL), ia dis- 
tinguished from Aristoqfstts by the greater irregu- 
larity in size of the thecal plates (comparable to 
the arrangement of plates in the carapace of some 

extinct edentates, Qlyptodontidae), and by the 

oil the evidence of Barrande, absence of an independent gonopore, this having 

|i^i6, II. 8. Lettering as in ^^^^ either with the anus or with the hydropore. 

There are signs of fixation by the aboial end of 

the theca (i^, where the plates are larger and tend to lie in rowa The 




Fio. VII. 
Dtutocifsti$inode»tu9, restored 
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mouth (0) is surrounded by five large plates, forming a slight projection, 
somewhat eccentric The anal pyramid (Ai) has five plates. The hydro- 
pore (Af), a little to the right of the line joining mouth and anus, was 
covered by a small pyramid of three plates, the impressions of which 
on the internal cast (Uie only part preserved) have been regarded as three 
openings. The canals in the thecal plates are more numerous near their 
margins. Certain species, in which the plates seem more rounded, not 
closely apposed, and perhaps without canals, in which the anal pyramid 
had four plates, and in which the hydropore was not tripartite (t.«. had no 
valvular plates), have been separated by Haeckel (1 896) as a genus, Ampkora- 
cystts, PiroqfgtiSj Barrande (1887), Ordovician, 
Bohemia (Fig. VIII.X ^^ & pear-shaped theca trun- 
cate below fur fixation (St\ but still without true 
stem. The anal pyramid had six plates (As) ; other- 
wise it was much like DeiUocystii, The regularity 
of the adoral plates in these two genera suggests 
that they may eventually prove to be early forms of 
Diploporita or Rhombifera. 

The Lower Niagara rocks (Silurian) of Indiana 
and neighbouring states have yielded numerous forms 
resembling Aristocystis in external appearance and 
structure of theca, but with an ambulacral system 
apparently presenting three grades of organisation. 

They have all been described under the generic Pirocystia jiimm, re- 
TT 1 ^'A TT 1 ^' '1 stored outline on the 

name Holocystites or Holocystis, a name previously evidence of Barrande, 
given to a coral, and therefore bound to yield to the J| 2»j Lettering aa in 
alternative Megacygtis, Hall (1864-65). Some of the ^' 
so-called species described by Hall and S. A. Miller seem to agree with 
Anstocystis in the entire absence of arms and food-grooves, in the similar 
position and structure of mouth (** ambulacral orifice,'' S. A. M.), and anus 
("mouth," S. A. M.), while a hydropore ("anus," S. A. M.) is often ob- 
servable, and occasionally a fourth opening (? gonopore) ; the positions 
of the two latter are at varying distances between mouth and anus. 
Miller has described other species with similar structure, but with four 
or five of the plates surrounding the mouth raised into .elliptical facets, 
apparently for the support of spines like those of Placocygtis (p. 51); 
no groove connects these facets with the mouth, although in some species 
the mouth assumes a tetragonal or pentagonal outline, with angles 
directed towards these facets. The third and higher stage of organisa- 
tion, possibly developed from this one, is seen in Eolocystites gyrimis, 
Miller and Qurley (1894), and must be referred to the Sphaeronidae 
(seep. 72). 

Family 2. Dbndrootstidae. Amphoridea with a single oral skeletal 
process, theca composed of numerous irregular plates, extending below 
gradually into a stem. The single genus, DendrocysttSj Barrande (1887), 
Ordovician, Bohemia and Russia (Fig. IX.), has a theca in shape and 
intimate structure not far removed from that of Aristocystidae ; of equal 
thinness all over, its plates irregularly polygonal, and their strands of 
mesoetroma not so well-defined. The following differences are of great 
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importance: — ^The theca suddenly thins below to about one-third its 
width, forming a tubular extension (St), the walls of which contain 
numerous small plates, which gradually become 
larger and more definite in arrangement, and 
merge into a tube with a narrow lumen en- 
Br*f£^ closed by comparatively large solid plates. Com- 

parison with more highly developed genera 
shows that this extension is a stem {piiiwmwi)^ 
and its presence indicates a more fixed habit 
than was, perhaps, assumed by Aristocystidae. 
Further influence of fixation is clear in the de- 
velopment at the opposite pole of the theca 
of a movable, jointed tube {fir\ composed of 
four or five rows of small plates, wider than 
high, and often alternating ; this tube tapers to 
a rounded end, in which no opening is per- 
ceptible ; neither are there openings between 
its plates ; the plates may, however, have 
opened along one of the vertical lines, thus 
converting the tube into a groove, exactly as 
figured in Fig. 5 of Barronde's Plate XXVI. (see 
Fig. IX.). This organ was regarded by Barrande 
and Trautschold as a ivhu/i wnitoXu for genital 
(not faecal) products ; by Neumayr (1889) as 
an arm, with a double row of ambulacral pores ; 
by Haeckel (1896) as an oral proboscis, or 
possibly the stem. It is here regarded as an 
extension from the mouth, bearing a ciliated 
food-groove that could be closed by plates, and 
perhaps also an extension from the water-ring. 
Other thecal openings are doubtful ; an anal 
pyramid may have existed in the lower third 
of the theca {Ai)^ but Barrande's figures and 
descriptions are inconsistent ; hydropore and 
gonopore quite unknown. Folds or ridges 
radiate from the centre to the edges of each 
thecal plate; besides strengthening the plates, 
these folds, like similar ones in later stalked 
forms, may indicate the concentration of a 
„ ^ . „ ^ . . ,^ nervous layer in the integument into definite 

Thndracytiisi Sedgmeki, re- , , , . , . ^^.^ xi. ^ ^i. i 

stored on the evidence of tracts (axial nerves) putting the stem, thecal 
Stco&*i5^m^a™idS: Pl*^' *^^ plates Of food-grooves into con- 
nection. Gigara^ Barrande (1887), resembles 
the stem of Dendrocystis, and suggests its occurrence in the Cambrian. 
Syringocrinui paradoxuSy £. Billings (1859), is the same thing from Quebec. 
Family 3. Eocystidae. Established to include certain obscure forms 
from the Lower and Middle Cambrian of Great Britain and North America. 
Eocystis, Billings (1868), and Frotocystis^ Hicks (1872, see also Salter, 1873), 
have never been properly described or figured ; but since they cannot 
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well be distinguished from Eocystites f?) longidactyltLS, Walcott (1886), that 
species must be taken as the example of the family (Fig. X.). Thecal 
plates numerous, irregular, " varying in form, size, and surface characters 
on the same body." The two important points are : the varying develop- 
ment of radiating stereom-folds on some of the plates ; the presence around 
the mouth of not less than ten biserial brachioles, with long covering- 
plates (" short pinnulae," Walcott). This type, therefore, is intermediate 
between Amphoridea and Rhombifera, and its occurrence at so low a 
horizon is fortunate for the phylogenist. This family Eocystidae in no 
way corresponds to Haeckers Eocystida, which, like his Eocystisy is a 
purely imaginaiy creation of no systematic validity. 

Family 4. Anomalocystidae. Theca compressed in the plane of the 





Fig. X. 



Eocifstis long^dactylus. 1, portion of test much enlarged, showing variation in size, outline, 
and markings of plates, some of which have apparent pores at their edges ; 2, upper part of 
a specimen without test, showing portions of brachioles and impressions of covering-plates. 
With kind permission of Dr. C. D. Walcott. 

thecal apertures, one side tending to be convex, the. other concave. 
Plates of the two sides enclosed by a common frame of marginals. Plates 
of concave side tend to be fewer and more regular than those of convex, 
but never achieve bilateral symmetry as do the latter. Tapering stem of 
polymeric columnals at one end of theca ; at the opposite end are the 
apertures, with function still uncertain. In some genera, spines ("arms" 
of most writers) are known, one at each upper angle of the theca. Orna- 
ment of granules, which on the tlieca tend to run in transverse, wavy, 
sub-parallel lines, simulating the scale-markings of some Crustacea. No 
pores. J. Walther (1886) and Haeckel (1 896) have considered the bilateral 
symmetry primitive, and homologous with that of the Dipleurula ; 
but M. Neumayr (1889) maintained that the symmetry of the two was 
dififerent. The evidence suggests that the evolution was tcywards greater 
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bilateral ^Bjmmeiry, and therefore started from the nmal aiek-like fonn. 

QteDtXK—Trotkoc^ii^ Barrande (1859-87 ; ejn. 2Vi^oiioe|!ilM^ HaeekelX 

Cambrian, Bohemia, France, Spain (Fig. XLX ia 

the most primitiye ; its theea is bonnded bj 

twelve stout marginals (mm\ eoospicooos on one 

side more than on the other, and forming a 

circular, ellip«aval, or subtriangular frame ; the 

enclosed space on either side is occupied bj a 

mosaic of 80-160 somatic pUtes, hexagonal 

except where truncated bj the maiginalsL At 

the oral end of the fmme tiiree openings* nearly 

in the broad median plane, pass from the thecal 

cavitj through or between the marginals to the 

exterior ; the middle opening (? hydropore and 

gonopore) is widest, and is protected bj a 

hood-like projecting plate {M)^ (t madreporite) ; 

of the other two openings, one (0) in the broad 

plane is the wider (t mouthy the other (il«) 

slightly out of that plane is smaller (? anus) ; 

they appear to be connected by a canal (? for 

reception of gut) running round the thecal 

cavity on the inside of the marginals. At the 

abond end of the frame the marginals pass 

into a short, tapering stem {Si) of subtri- 

is removed showing the interior, angular section, composed of rows (3 or 6 ?) 
The arrows show the supposed -" ,^ . . i .^ i . 

direction of the gut. Theiettora of altematmg ossicles, its lumen communi- 

aie^expuined in the a^Joiniiig eating with the thecal cavity. Trochoey$t%9 

may be regainied as a differentiation from 

such a form as Aridoqfstis by lateral compression, so that its broad 




Fio. XL 

Troehoeystic Ix^umieus. re- 
stored on the evidence or Bar> 
rande's figures. A part of the 
theca on the right of the figure 



median plane is morphologically the 
sagittal, and the flat sidjs are the 
primitive right and left, the pro- 
jecting plate ilf being on the left side. 
MUrocystiSf Barrande (1887), Cam- 
brian and Ordovician (Fig. XII.), 
has twelve marginals {mm\ but on 
the (left J) side that corresponds with 
the convex side of later forms, the 
junction of the stem with the somatic 
plates lies between two of them ; 
while the median adoral plate of 
this side (3f) is vertically grooved on 
the interior, but exteriorly resembles 
the somatic plates, which on this 
side, though larger uid fewer (50-60) 
than in Trochocjfdis, still form a 




Pio. XII. 
I mitra. 1, fh>m supposed 



Ml rijdit 
interioi 



MUrocpttii 
_ , , . . . ■*<*• * 2» "^0"* ■upp'^sed' left side';" 8, tuuonur 

mosaic of hexagons ; two, adjoining of upper part of the latter, showing the folded 
the stem, are larger than the others. P^**^' (^'Barrande.) 
On the other side, which corresponds with the concave side of later forms. 
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tlic marginals have extended far over the area formerly occupied by somatic 
plates, and these latter number from three to six, one of which is much the 
largest and of irregular shape. Openings other than the median not distinct. 
Stem of about four alternating rows of plates, often provided with thorn-like 
processes, and each overlapping its distal neighbour ; total length about 
equal to that of the theca, the proximal third with a wide lumen. No 
other appendages observed. Ateleeydis (A. Huadetft)^ Billings (1858), is 
imperfectly known ; Anomcdocystis eamutuSf Hall (1859X may be con- 
generic, as usually supposed ; but A. dispariUsy Hall, probably belongs to 
Placoeysti8 {vide infra). All the species described by Barrande (1887) as 
AnomcUoofdis are doubtful The specimens described by Meek (1873) 
and Wetherby (1879) are separable generically under the latter's name, 
Enoplnura; the species are E. Idlatioides, Meek sp^ and E, crustaceaj 
Haeckel sp.^ In all these one traces the gradual diminution in number of 
plates, especially of somatic plates, and the evolution of the granular 
ornament into wavy ridges. Some of these also show traces of adoral 
spinea BeUmnocystis is placed in this family by Miller and Gurley (1 894), 
probably with justice, though its exact affinities are obscure. Platycystis, 
S. A. Miller (1889), is based on a worn Anomalocystid of indeterminable 
affinities. Placocystiiy de Koninck (1869), from the English Wenlock beds 
of Silurian age (Fig. XIII.), is the most specialised form of this family. It 
was i-edescribed by H. Woodward 
(1880) ; since then fresh know- 
ledge has been gained. On either 
side of the concave face (Fig. 
XIII. 1) are three marginals 
(mm) which pass over on to the 
convex side ; at the columnal end 
are two marginals, at the oral 
end are three, and none of these 
five continue on to the convex 
side, although corresponding 
plates occur there. The median 
adoral marginal of the convex 
side (Fig. XIII. 2) is the plate 
M; its free edge is occasionally 
denticulate (cf. ridgings in Mitro- 
cyttis). The somatic plates 
the concave side are one large 
central, and one small at its 
left upper corner : those of the 
convex side are eleven, viz. two ad-columnal, as in Mitrocystis, supporting 
one median which does not touch the column as it does in Enophura ; 
a transverse row of five, the median of which is small and often quite 
surrounded by its two neif^hbours (it is tiot an anal structure, as supposed) ; 
£k row of three adjoining the adoral marginals. Stem much as in Mitro- 
cystis, The three marginals that meet at each adoral angle of the theca 
(Fig. XIII. 3) form an reticular surface (Br) for the support of a spine 

* This name must lie restricted to Wetherby's Fig. 1, rf, «,/, and Ig, 




Fio. XIII. 

PUuncyatis Forberianu*. 1, concave or supposed 
Qf right side ; 2, convex or supposed left side ; 8, upper 
miugili, showing attachment for spine at Br'. 
(1, reconstructed fh)m various specimens in British 
Museum ; 2, fh>m Brit Mus., E7545, enlarged ; S, 
flrom the type*specimen, Brit. Mus., E7588y) 
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(fir) which may attain 2/3 the length of the theca^ without signs of a 
joint The spine is sabcircular in section, and has no groove and no 
accessory plates ; none the less it may have served as an arm, i.e. as the 
bearer of a tentaculate extension of the water-system, and of a ciliated 
path to the mouth. The mouth, anus, and hydropore were probably 
situated in the integument uniting the two sides of the thecal opening 
that seems to stretch between the spines. Haeckel (1896) supposes that 
the ApuB-iovm of the Anomalocystidae was correlated with locomotion, 
and that the stem was a locomotor organ — a suggestion by no means far- 
fetched ; but his statement that the anus was ad-columnal must have 
been based on PUurocysUs (p. 64), which, though belonging to a different 
order, simulates Placocystis in many features 

Order 2. Bhombifera, Zittel (1879, emend.) 

Cystidea in which radial symmetry affects the food-grooves, 
and, in the more advanced families, the thecal plates ; probably also 
the nerves and ambulacral vessels, but not the gonads. The food- 
grooves are exothecal, i.e, are stretched out from the theca on jointed 
skeletal processes (brachioles). These either are close to the mouth 
or are removed from it upon a series of ambulacral or subambulacral 
plates not derived immediately from thecal plates, or are separated 
from the oral centre by hypothecal passages passing, beneath teg- 
minal plates. The stereom and stroma become arranged in folds and 
strands at right angles to the sutures of the thecal plates ; in higher 
forms the stereom-folds are in part specialised as pectini-rhombs. 

The chief reason for the establishment of this order is the 
recognition of a distinct line of development in the skeletal 
structures bearing food-grooves. That this represents a true phylo- 
genetic series is confirmed by the structure of the test, although 
there may be some indefiniteness in this respect shown by the 
earlier genera. The difficulty of classifying forms at the parting of 
the ways is not one to be lessened by advance of knowledge. We 
note also the gradual decrease in number of thecal plates, their 
increasing subjection to a radial symmetry, and greater develop- 
ment of a stem. Hence, as is to be expected in a natural classifica- 
tion, there is a far greater difference apparent between extremes 
in the same series, say, the Callocystinae and the Echinosphaeridae, 
than between the latter and the Diploporite family Sphaeronidae, 
which constitute initial forms of different series. The radial 
symmetry or actinism of the order is trimerous, pentamerous, or 
hexamerous, but may undergo secondary modification through 
atrophy of a ray (e.g. CovmrocystiSy Lepadocrinus). 

Family 1. Echino8p£[A£RIDAe. Hhombifera in which the thecal plates 
are numerous and indefinitely arranged. So-called pore-rhombs are de- 
veloped, but no pectini-rhombs. Brachioles confined to neighbourhood 
of mouth, unbranched. Stem, when present, not composed of a single series 
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of columnala This family includes some of the Cystidea earliest 
studied. Echinoftphaera and Sphaeronis (p. 71) are found in the rocks 
around the Baltic as round balls filled with radiating crystals of calcite. 
Hence they were known to the older Scandinavian naturalists as '* crystal 
apples," and. were, as such, included by Linnaeus in his Mineral Kingdom, 
under the name Aetites. Hheir animal nature was first demonstrated 
by the youthful Gyllenhal (1772) in an admirable paper. He further 
recognised, not merely their echinoderm affinities, but also that essential 
difference between the tests of the two forms which was emphasised by 
Joh. Miiller eighty-two years later, served as the basis of ZitteVs classifica- 
tion, and is still regarded as an ordinal character. So little were these 
forms understood that Konig (1826) placed Echinosphctera aurantium near 
the Ascidian, BoUeniaj under the name LeucophthalmtLs Strangwayd ; while 
in 1845 M'Coy compared a Sphaeronis to the Ascidian, Chelyosoma, These 





Fig. XIV. 

Kchinotphaera aurantium, after Vol- 
borth. The lettering is explained in the 
arVJoining text. Nat. size. 



FiQ. XV. 

Peristomial areas of Echiiiospkaera 
auranfittm, showing variation in origin of 
brachioles (Br). (After Volborth.) En- 
lai:ged. 



comparisons, though based on superficial similarity, with' bearing on the 
supposed relationship between Echinoderma and Enteropntsusta, have again 
been brought forward by Haeckel (1 896). Genera — Echinosphaera^ Wahlen- 
berg(1818 ; synn, Orystallocystis, Citrocystisy Trinenuicystis, Haeckel), Ordo- 
vician, Europe, type Echinus aurantium^ Gyll. (Fig. XIV.). The smooth, 
spheroidal theca is composed of some hundreds of irregular plates, mostly 
hexagonal At the aboral pole the plates, arranged in one or two fairly 
regular circlets, form a slight projection {St\ by which probably the theca 
was attached, but there was no definite stem. At the oral pole is another 
projection (0), very variable in size and shape ; this, as shown by Volborth 
(1846), supports arms. From the figures published by Volborth (1846), 
Miiller (1854), Quenstedt (1876), Angelin (1878), and Haeckel (1896), it 
appears that the plates forming the oral projection, as well as the arms them- 
selves, vary in number and position (Fig. XV.). The primitive number of 
arms appears to be three, one anterior, i.e, opposite the anus, and two 
lateral. The two lateral may fork, thus producing five branches in all 
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(cf. p. 11). In either of these cases the anterior arm may diminish in size 
and finally disappear, leaving either two lateral, or two antero-lateral + two 
postero-lateral ^ four branches in alL The length of the arms and their 
subsequent branching, if any, are unknown. The portions preserved are 
formed of series of brachials, bearing on their adoral (upper) surfaces a 
groove leading to the central mouth, and roofed by small covering-plates. 
The anus (Ai)^ with its pyramid of four to ten plates, lies 1/3 or 1/4 of the 
way down the theca. Between anus and mouth, to the right, is the hydro- 
pore (Jlf ). The plates of the theca were united by strands of mesoetroma as 
in the next genus. Aro^knoc^dUy Neumayr (1889), of Ordovician age, 
has for type the EMnosphaerites tnfaugtus of Barrande (1887). The 
pear-shaped theca is composed of 200-800 plates of irregular shape and 
arrangement, mostly small, but with a few larger plates interspersed. At 
the narrower end of the theca is a stem, about 40 mm. long, composed 
of five (?) alternating rows of hexagonal plates. At the opposite pole lies 
the mouth, on a slight elevation of larger, irregular plates {not tve orals 
as sometimes stated). From these are given ofif three arni9, composed of 
two alternating rows of plates (biserial), and with a ventral groove roofed 
by small covering-plates ; they may reach 100 mm. in length. About a 
third of the way down the theca is the large anal opening, closed by a 
pyramid of five plates. The hydropore has not been observed. The 
structure of the thecal plates is clearly shown in the Bohemian fossils ; 
between the thin non-porous epistereom and hypostereom lies the meso- 
stereom, penetrated by canals left by the sti*ands of mesostroma that ran 
at right angles across the sutures and united the plates. A trace of the 
original path of these strands, as seen in ArUtocystiSy remains in the form 

of canals passing down to the hypostereom, 
one at the ad-central end of each transverse 
canal, and one on either side the suture. 
The centi-e of each plate is solid, and often 
raised in an umbo ; by ideal lines drawn 
from the umbo to the angles of each plate, 
the canals are grouped in triangles, and 
the adjacent triangles of two neighbouring 
plates form a " pore-rhomb.'* Paltuocygtis^ 
Billings (1858), Ordovician, Canada, has 
thecal plates of similar structure. OrocystiSy 
Barrande (1887), Ordovician, Bohemia 
(Fig. XVI.), has an oviform theca, with a 
small hexagonal stem (St) of unknown 
length, and near the other pole three 
eccentric openings : generally, and 
Fig. XVI. probably with right, regarded as the 

Orocydis lieimhackeri, reHtored on mouth ; As the anus ; M the hydropore. 
deLriptE.^''^'""^''""^'^**"'' The thecal plates are marked with strong 

axial folds, parallel with which are smaller 
ridges, all at right angles to the sutures. The folds are probably the 
superficial indications of axial nerves, and it is noteworthy that strongly 
marked folds radiate from the six angles of the stem, and that six 
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similar folds lead to the oral aperture (possibly conveying nerves to 
six brachioles). The minor ridges are the superficial indications of strands 
of mesostroma, uniting plate to plate across the sutures, and emerging on 
the inner surface in rows of apparent pores. HdiocrinitSj Eichw. (1840 ; 
syn. HeliocydUy Haeck.), Ordovician, Europe, has for type Echinosphaerites 
baltictLs, and therefore includes numerous species of similar structure, 
usually referred to Caryocystts. It differs from Echinosphaera in the more 
pronouncedly pentagonal, though minute stem, and in the greater oma- 
mentaticm of ijie cup by axial folds and ridges. Stichocystis, Jaekel (1899X 
has apparent pores in the ridgea Caryocystts was . founded by von 
Buch (1844 and 1845) to receive Echinosphaera granatvm, Wahlenberg 
(Sphaeromtes testvdinarius, Hisinger, non Auctt,)y and another species which 



JBt' 



von Buch and all subsequent authors have 
incorrectly supposed to he S, testudinarius, 
Hisinger. Eicliwald (1859), aware that G, 
granatum belonged to his own Hdiocriwas^ justly 
took as the type the second species mentioned by 
von Buch, adding to it (7. pwniUiy an Echino- 
encrinid. The type of the genus is therefore 
the species universally and erroneously known as 
(7. testvdvnariuSy which name yields to G, An- 
geliniy Haeckel (Fig. XVIL). Amorphocystisy 
Jaekel in Eoken (1896), is a simple synonym. 
Caryocystts difiers from Helwcrin'os in the elon- 
gation of the oral and aboral poles, and the 
elongation of the mouth in the sagittal plane. 
At each end of the mouth-slit, Angelinas figure 
(1878; our Fig. XVIL) shows two facets for 
brachioles (Jir) ; it also seems to show two 
openings (hydropore, M^ and gonopore j, G) 
between mouth and anus. 

Family 2. Comaroctstidae. Rhombifera in 
which thecal plates are numerous and inde- 
finitely arranged. Radial structure of stereom 
strongly marked, but no definite pore-rhombs or 
pectinirhombs. Food-grooves on free exothecal 
brachioliferous processes. Columnals in a single 
series. Gknera — Gomarocystisy Billings (1854), 
Ordovician, Canada. Theca ovate, may be over 
7 cm. high, composed of about 150 mostly 
hexagonal plates, with strongly marked radial 

striation of the stereom, especially towards the (u»Tyocy~MMAnifaini(c,te»tu- 
margins, which are raised above the umbones dinanus, Auctt.). (After An- 
of the plate& Mouth -slit transverse, with a ** 
pair of uniserial brachioliferous arms at either end. Theca flattened 
in mouth-plane. Anus below arms on right side. Hydropore above level 
of anus, near the posterior margin of the mouth. Stem longer than 
theca ; columnals low, circular, with moderately wide lumen. Ackradocystis, 
Volborth (1870), Ordovician, Russia, appears to have an anal pyramid of 
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seven plates, and a very highly developed stem. Thecal plates have 
strong radiating ridges, marginal concentric ridges, and suture margins 
toothed on the inside in correspondence with the ridgea Since this struc- 
ture is not unlike that in Comarocystis, the genus is provisionally placed here. 
Family 3. Macro€T8tellidab. Rliombifera in which the theca 
consists of three or four circlets of plates, subjected to a more or less 
regular pentamerism. The stereom is strongly radiately ridged or folded, 
but no so-called "pores" or pectinirhombs are developed. Brachioles 
are borne by the upper circlet of plates, and within these there may have 
been tegminal plates over the mouth. There is perhaps no intimate 
connection between the two genera referred to this family. But they 
are both Cambrian, and show an early development of that tendency to 
reduce the number of plates, which eventually evolved the Glypto- 
^cystidae from a different branch of the Rhombiferi. The Macrocystellidae 
were probably derived from Eocystidae without passing through an 
Echinosphaerid stage. Genera — Mdcroq/stella, Calla- 
way (1877), Upper Cambrian, Shropshire. Theca 
seen from the side (F\^. XVIII. 1) shows four circlets 
of plates, apparently five in each circlet Those of 
the aboral circlet are low and pentagonal ; those of 
the second and third circlets hexagonal and rela- 
tively large ; those of the fourth circlet about half 
the size of those in the third, sub-pentagonal, and 
each bears a brachiole. These almost immediately 
bifurcate, making ten branches in all, about as lonj» 
as the theca is high, and apparently biserial; covering- 
plates are distinct. There were probably tegminal 
plates above the origins of the brachioles. Thecal 
plates strongly marked with radiating folds, which 
divide the surface into triangles ; between them are 
smaller folds. ' No fine rhomb structure is seen. 
Anus unknown. Stem rapidly tapering, about half 
as long again as total length of crown ; proximal 
columnals low and imbricating, with very wide 
lumen ; distal columnals long and narrow. Mimo- 
cystisy Barr. (1887), Ordovician, Bohemia, does not so 
far as can be gathered from the published description, 
(li ffer from Macrocyatella in any essential Lichenoides^ 
Barr. (1846, 1887; Pompeckj, 1896; syn. Licheno- 
cystisy Haeckel), Cambrian, Bohemia and Bavaria. 
Theca composed of rounded plates of very different 
sizes, but semi-regular in arrangement At the base 
are five to twelve minute plates, indicating absence of 
Murfaces ; 5,' single plate stem and probably of fixation, at all events in adult 
Mu^lf^Tol^ximrsfze!^* Above those is a circlet of five irregularly pentagonal 
large plates. Resting on, and to a certain extent 
alternating with these, are six or seven plates of similar size. A circlet 
of smaller plates, alternating with the last mentioned, forms the summit, 
and bears about eight biserial unbranched brachioles. No anus observed. 




Fio. xviii. 

Macrocystella Marine. 
1, from side (recon- 
structed from Brit. 
Mus., E7523 and E7524), 
X J; 2-4, portion of a 
brachiole, x 8, from 
side, dorsal, and ventral 
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All plates except the minute ones at the base were united by strong 
stroma-strands across their sutures, and these form pore-rhombs. 

Family 4. Tiaracrinidae. Rhonibifera in which the plates forming 
the sides of the theca are arranged in not more than two circlets, and the 
plates of each circlet are transversely united by strongly marked pore- 
rhombs. The genera, though clearly separated as otfshoots from the 
Rhombifera, do not form a very coherent group, and need careful description 
by a well-informed worker. Tzdracrinna, Schultze (1867, Syn. Stmirosoma, 
Barrande, 1887), Devonian, Eifel, and Bohemia. Theca cup-shaped or a 
truncate spheroid, the sides composed of four large, interradially situated 
plates, one of which is (? only in some cases) horizontally bisected. These 
plates are united by strongly marked stereom- folds, raised above the 
surface, and forming demi-rhombs. The composition of the oral surface is 
unknown, but there seems to liave been a central mouth, with food-grooves 
ladiating from it towards the margin, where brachioles probably arose. 
An anus seems to have pierced the margin at the summit of one of the 
triangular side-plates. Stem- facet four-sided, with angles radial ; lumen 
small, lihombifera, Barrande (1867 and 1887), Ordovician, Bohemia. 
Theca elongate, triangular in section ; appears composed of two circlets — a 
lower, of three plates united by strong stereom-folds, visible exteriorly only 
as terminal pores outlining " pore-rhombs ^' ; an upper, of six (?) plates, of 
which three pairs are united by pore-rhombs, similar to those of the 
lower circlet, and vertically above, not alternating with them. Oral 
region unknown. Aboral region passes gradually, by smaller plates, into 
a cylindrical stem. The structure of the pore-rhombs and the trimerous 
symmetry suggest comparison with Caryocrinidae. Rhombifera mira, 
Barr., is usually considered to be a 
StephanocrintLS. Aethocystis, S. A. Miller 
(1892), Silurian, Indiana, may be placed 
here provisionally. 

Family 5. Malocystidae. Rhombi- 
fera in which thecal plates are numerous 
and indefinitely arranged. Radial folds 
of stereom often pronounced, but minor 
rhomb-like striae not clearly seen. Food- 
grooves on exothecal processes passing 
over the theca and bearing brachioles. 
Columnals (when known) in a single 
series. This Ordovician family shows 
the independent evolution of a structure 
common in a later family, Glyptoajstidaey 
viz. the extension from the mouth over 
the theca of series of alternating plates, 
supporting a single series of brachioles. ^.'^t^'Jlf^^'^/liC'rHro;- 

The alternating series is not so com- Home brachioles ; Br", facet for attach- 
,. , J . °^, . ,.j J i.1 nient of same. Original, from specimen 

plicated as in Qlyptocystidae, and the belonging to Dr. G. J. Hinde. 

food-groove passes, not on the top of it, 

but slong its sides. The main grooves appetor in all cases to be reduced 

to two ; but these may branch and wind round the theca as in the later 




Fio. XIX. 
Amygdnlocystis Jlorealis. 



1, from side ; 
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form, SphaerocyHu (p. 63), or may remain simple, and stretch in the 
transversal plane. Genera— iJfafocy«et«, BUlings (1858). Chazy Lime- 
stone, Canada. Theca globular. In the type-species the grooves branch. 
AmygdalocysHi, Billings (1854), Trenton Limestone, Canada. Theca 
(Fig. XIX.) flattened in plane of food-grooves, and elongate. Grooves 
never branched. 

Family 6. Glyptocystidab. Rhombifera with stem, theca, and 
brachioles. The theca composed of five circlets of alternating plates, 
typically five in each circlet In first (aboral) circlet, right posterior 
(r. post) plate is always fused with right antero-lateral (r. ant) plate. 
Anus, with valvular pyramid, between second and third circlets, in right 
posterior interradius (r. post IR). Hydropore in adoral circlet, always 
opposite unpaired arm-groove, and thus defining posterior interradius 
(post IR). The trans-sutural foldings of the stereom (pore-rhombs) are 
restricted in distribution but exaggerated in structure (" pectinirhombs "). 




Pig. XX. 

Actual distribution of pore-rhomta explained by supposed counie of gut in primitive 
Glyptocystidae. The plates numbered as in Fig. XXI. i»iiiuiwt« 

One of them invariably unites the left posterior plate of the first aboral 
row with the left anterior plate of the second row. Mouth central ; from 
it over the theca radiate food-grooves, primitively 5, by reduction 4 or 2 • 
these are bordered by the plates of the adoral circlet, or by plates 
derived from their proliferation ; and these side-plates bear facets for 
brachioles of biserial structure. This family is perhaps descended from 
primitive Echinosphaeridae, in which a natural tendency to the develop- 
ment of five food-grooves (one ant, single; two lateral, paired) was 
accompanied by decrease in number, and increase in size and thickness 
of the thecal plates, together with their arrangement in five alternating 
circlets of five (as in Mimocystis), The diminution of the thecal cavity 
we may suppose, pressed the coil of the gut against the body wall • 
thus the respiratory function was hindered in the pore-rhombs along this 
tract, so that they disappeared, while it was thrown more on the remain- 
ing pore-rhombs, which became higlily developed (Fig. XX.). The process 
continued tiU only three pair of intensely folded areas were left one at 
the base on the side opposite the anus, the others above the anus to 
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the right and left of it ; from their likeness to combs, these areas are 
called pectinated rhombs, more shortly " pectinirhombs.'' 

We may reconstruct a form like that analysed in Fig. XXL as a type 
(probably ancestral) from which every known genus of this family may 
easUy be derived. In this archetype two plates (r. post and r. ant) 
of the aboral circlet are fused together, so that the total number is 
twenty-four ; numbers are attached to these in the diagram, after a plan 
originated by Forbes. The following statements may safely be made 
concerning this archetype, those applying equally to the whole family 
being italicised : — S is the double plate ; a pectinirhomb joins 1 db 5, 
while other pectinirhombs were probably distributed as in Fig. XX. ; the 
anus is in right posterior IR^ between plates' 7 and 8, and below 13 ; it is 
protected by a valvular pyramid, surrounded by a ring of smaller plates ; 
20-24 lie between food-grooves, and are therefore interradial ; the 

A A & A A 
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Pio. XXI. 

Arrangement of plates in the ropposed archetype of the Glyptocystidae. The attached 
numbers are those (dven by Forbes. The letters at the top, read from left to right, denote : 
left anterior interradius A radios ; left posterior interradius & radius ; posterior Interradius ; 
right posterior interrodius ft radius ; right anterior interradius & radius ; anterior radius. Plate 
28 bears the hydropore and gonopore ; the notches in plates 16 to 10 represent the primitive 
position of five food-grooves ; between 7, 8, and 18 lies the anus. Pectinirhombs not shown. 

hydropore, defining the posterior interradius, is in 23, and above it is 
a semi-lunar pore of unknown function (genital or excretory) ; opposite 
these is the unbranched anterior food-groove, passing to plate 15 ; the 
branches of the right groove pass to 18 and 19, those of the left ^^roove 
to 16 and 17 ; at the end of each of the five main grooves is a facet, 
bearing a brachiole composed of two alternating series of ossicles {^^hiseriaV^; 
the food-grooves of both brachioles and tegmen are protected by smaU covering- 
plates; the iheca is home on a stemy which at its proximal end has low 
coLumnals with a wide Iwnen^ and which tapers distaUy. Modifications of 
this type take place in the following directions: — Enlargement of the 
ring of small plates around the anus, into a region of scaly, flexible 
integument (Cheirocrinus, Olyptocystis^ Pleurocystis) ; the accentuation of 
the relations of the five main grooves to plates 16-19, coupled with 
the sinking of those plates between those of the third series {Cheirocrinus, 
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Cystoblastua) ; the extension of the eubvective system over the thecal 
plates, by the proliferation from plates 20-24 of alternating series 
of plates, in which every other plate bears a brachiole (Schizocystts, 
Glyptocystis, Lepadocydis, CoUlocystis, Sphaerocystis, Lepadocrinus, Pseudo- 
cnnus) ; the atrophy of the anterior groove (partially in Glyptocystis, more 
Qo m Prunocystis and Schizocystis, wholly in Lepadocrinus, Sphaerocystis, 
and StrobOocygtis) ; atrophy of two side grooves in addition (Schizocystis, 
Pseudocnnus, Pleuroofstis) ; restriction of pectinirhombs to sutures 
between 1 & 6, 14 & 16, and 12 & 18 {Prunocystu, Schizocystis, Pseudo- 
cnnus, Lepadocrinus, Callocygtis). None of these characters can be taken 
as a basis of classification ; each group so formed would include genera 
very diverse in other respects ; doubtless the same structures have in 
many cases been independently attained. Happily certain relationships 
seem clear, and round them the genera may be gathered into sub-families. 
Sub-Family 1, Echinoencrininae, passes from the simple form 




<$> ^ (b <J) 



Fig. XXII. 

Echinoencrinus Sencken- 
bergi, after Jaekel. 



Fio. XXIII. 

Analysis of Echinoencrinus, original, after 
specimen B1265 in Brit. Mus. 




Fio. XXIV. 

Prunocystis Fletcheri (fipon: 
Brit. Mu8., 40207). Bh, 
pectinirhorab. x 4 diam. 



Echinoencrinus^ in the direction of extension of two of the lateral grooves 

over the theca, through Prunocystis to Schizocystis ; pectinirhombs 1 & 5 and 

14 & 15 always, 12 & 18 frequently present, but no others, except 1 & 6 

in Echinoencrinus, Gtenera — Echinoencrinvji^ H. v. Meyer (1826 • synn. 

GonocrinuSj Eichwald, 1840, and Sycocystis, von Buch, 1846 ; see also 

Volborth, 1842), Ordovician, Russia, differs from the imagined archetype 

in restriction of pectinirhombs to 1 & 5, 1 & 6, and 14 & 15 and 

in apparent bisection of plate 23 (Fig. XXIII.). The main grooves 

may support five brachioles, or only two, or may branch yet more • in 

any case the facets are always close around the mouth. Anal region often 

prominent (Erinocystis^ Jaekel, 1899). The plates usually have strong 

radiating folds, often crossed by finer concentric ridges (Fig. XXII.V 

Here Jaekel (1899) places his Glaphyrocystis and Scoliocystisy Ordovician* 

Russia. Prunocystis, Forbes (1848), Silurian, England, includes P. 

Fletcheri and Echinoeruyrinus baccatusy Forbes (Fig. XXIV.). Theca 

*' shaped like the fruit of a dog-rose." Adoral row of plates increased 

in number. Pectinirhombs on 1 & 5, 14 & 15, and 12 & 18 only. 
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Brachioles clustered round mouth, probably five, slender, and comparatively 
long. Sckizocystis, Jaekel (1895), Silurian, England. Type, Echinoencrinus 
armatttSy Forbes (Figs. XXV. -XXVII.). Arrangement of plates and rhombs 
as in Prunoajstis; rhomb 12 & 18 sometimes absent Ant., r. ant., and 
1. post food-grooves almost or entirely atrophied ; 1. ant. groove extends 
nearly half-way down the theca on to plate 1 1 , is floored with alternating 




Rb 



XXV. 
^•iGS. XXV. & XXVI. 

diiiocystis armcUua (flroiii 
. Mu8., E75S9 & E7590). 
XXV. from above: 
/I. from the abafiiil q 
. As, anua ; Br", faccL^ **^ 
brachioles ; /p, floorlnij: 
es of subvective groovr : 
ig. XXVI. the impressioiv-c 
hese are seen in the difttAl 
part of the groove ; Bh, the 
Iiectinirhoinb of plates 14 & 
15 ; at, part of stem. 




XXVI. 



<i> d> <J> CO 

Fio. XXVII. 

Analysis of Sdiizocygtis. Plates 11 & IS 
are notched by the food -grooves. Plate 23 is 
double, and bears hydropore and gonopore. 



plates, bears about five brachioles ; a similar extension of r. post, 
groove to plate 13 is checked by anus, and bears only three brachioles. 
Sub-Family 2, Callocystinae, starts from a form in which all five sub- 
vective grooves, with the usual flooring plates and brachioles, pass over 
the theca, as in Lepadocystis ; and diverges (a) by suppression ot grooves, 
without branching, into Lepadocrinus and Psevdocrinus ; (6) by branching 
of grooves, with subsequent suppression, into Callocystis, Sphaerocystis, and 
Strohilocystis ; pectinirhombs 1 &5, 14 & 15, 12& 18 probably always 
present Genera — Lepa- 
docystis, P. H. Carpenter (^ («) (3) @ /-v ® 
(1891 ; syn. Meekocystis, r\r^ f^'V^/l,/^ C^'V 
Jaekel, 1899), Ordovician, \^ ' .. // K.I r\ ^^ 
Indiana (Fig. XXVIIL). 
Theca ovoid; plates around 
anus slightly altered from 
the archetypal position. 
Pectinirhombs on 1 & 5, 
12 & 18, 14 & 15, and 
10 & 15. Main grooves 
five, stretching a short dis- 
tance over theca, one to 
each plate of fourth circlet 
LepadocrinuSy Mather 
(1843?; Conrad, 1840; Hall, 
StaurocystiSf Haeckel, 1897 ; 
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Fig. XX VI II. 

Analysis of L^adocystU Moorei, based on Meek's figuren 
(1871 & 1873). Plates 15 to 19 notched by food-grooves ; 
hydropore on plate 28. 

1859: synn. ApiocystiSy Forbes, 1848; 
? Hallicystisy Jaekel, 1899; includes 
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Pmudoerinui qitadfifiuciatus and P. dUcngu$\ Silurian, North America, 
England, Scandinavia (Fig. XXX.). Plates much as in LepadocysUs. 
Pectinirhombs on 1 & 5, 12 & 18, 14 & 15 only. Main grooves four, 
the anterior being aborted, extend over theca to a degree that differs 
in different species, and is always leas in younger stages. PieudoerinuSf 



Pio. XXIX. 

AnalTSii of Pmvdoorinuit based on apecimeiii in 
the British Museum, espeeisUy 40198. 




Fio. XXX. 

ReMtored Upadoerinus qvadrifix$ekUv», The arm- 
lets of the outer rows are erect ; those of the nUddle 
row depressed. Near the top of the left-hand quarter 
is the anus ; near the top of the right-hand quarter 
is a pectinirhomb. By permission of the Keeper of 
the Geological Dept, British Museum. 



Pearce (1842, redescr. Forbes, 1848), Silurian, England (Fig. XXIX.). 
Resembles a Lepadocrinus in which all main grooves are aborted except 
apparently r. post and 1. ant. The grooves are the same as those of 
SchizocystiSy but their relation to the thecal plates and anus is as in 
Lepadocrinvs, The theca is compressed so as to have two almost flat 

oval sides, fringed by the 
brachioles of these grooves ; 
one side contains the anus 
and pectinirhomb 14 & 15, 
the other contains pectini- 
rhombs 1 & 5, and 12 & 18. 
CaUocystis, Hall (1862, syn. 
ArUhocystiSy Haeckel), Silurian, 
North America (Fig. XXXI.). 
Plates 10, 12, and 14 are 
sunk down between 6 and 7, 
8 an-^ 9 respectively, so as to 
rest on 2 and 3 ; tbus there 
appear to be eight plates in 
the second circlet Contrai'iwise, by the vertical elongation of 7 and 8, 
13 is raised between 18 and 19. The remaining plate of the third 



Fio. XXXI. 
Analysis of CaUocyttia Jevoetti based on Hall's figures. 
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circlet is reduced in size and flometimes quite atrophied. Pectinirhombs 
on 1 & 5, 12 & 18, 14 & 15, as usual. Main grooves five, pass nearly to 
base of theca ; one or more of the grooves may bifurcate once towards 
the distal end. ^'^tuimic^ii^ Hall (1859), Silurian, Maryland. Theca 
spheroidal. Main grooves four, each with three to six branches. Plates 
undetermined ; pectinirhombs, anus, and hydropore situated as in Lepado- 
crinus. StrobUoeystis, White (1876), Devonian, Iowa, resembles Sphaero- 
cydis, but the branches have bc^me "small secondary arm -grooves 
extending obliquely downward from each side of the principal grooves." 
Sub-Familt 3. Gltptootstinae. Besides the negative characters of 
irregularity in the shape of the plates and in the distribution of pectini- 
rhombs, the only feature common to the included genera is the evidence 
they offer of descent from a simple form like Ckeirocrinus, The number 
of pectinirhombs connects Ckeirocrinus with Gystdblastus and Glyptocystis ; 
the enlargement of the anal area connects it with OlyptocystisaxidPleurocystis; 
the relation of the third circlet of plates to the fourth is another link with 
CyidobkuiuB, Genera — Cheirocrinua, Eichwald (1856 and 1859 ; see also 
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Fio. XXXII. 
Analysis of Chtirocrinus penniger^ modified from Fr. Schmidt. 

Schmidt, 1874, under Olyptocystis), Ordovician, Russia, and North America. 
The chief departures from the archetypal arrangement of plates are 
correlated with an increase in size of the anal area, which is covered with 
numerous small plates, and surrounded by plates 7, 8, 12, 13, and 14. 
This in C pennigeTf the type-species, induces the vertical fission of 18 
(or intercalation of 18a), and sinking of 12 on to 2 ; the pushing of 15 
to the right over 10, and sinking of 10 between 9 and 5 on to 4 ; the 
pushing of 17 to the left over 11; the consequent sinking of 16 between 
10 and 11 on to 5. In C, Volhorthi the plates of the third row are not 
sunk, but raised between those of the fourth row ; this is a change in 
the direction of CyiiohUutus. The distribution of the numerous pectini- 
rhombs varies with the species, and, to some extent, with the individual ; 
those on 1 & 5, 1 & 6, with the demi-rhombs 1 & 4, 1 & 2, are constant. 
The arrangement in one specimen of C, penniger is shown in Fig. XXXII. 
Reversion? io the older and simpler type of rhomb structure occa- 
sionally occur (e.g, 13 & 18a in the figure). The five main grooves 
pass between plates 20-24 to plates 15, 16, 17, 18a, and 19 ; they are 
rather wide and fringed with short brachiolea The threefold division of 
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plates 20-24 in C. penniger ia the first stage iu the proliferation of those 
plates to floor the food-grooves ; more advanced stages oceur in other 
species, thus leading to Glyptocystis. HomocygUs^ Barrande (1877), Ordo- 
vician and Silurian, Bohemia, resembles Cheirocriniut in the shape of the 
theca, the number of pectinirhoinbs, and the position of the anus. The 
mateiial does not permit more precise comparison. Glijptocystisy Billings 
(1854 and 1858), Ordovician, Canada. Theca ovoid (Fig. XXXIIL). Anal 

area less large than in Glieiro- 
crinits^ enclosed by 8, 13, and 14. 
Plate 16 sunk on to 5, as in C. 
penniger ; thus 11 is pushed to 
the right, and both 11 and 12 

f tf^ \ '" i^)^\ ^^^ reduced in size. Pectini- 

. <_i3 li) /— C .-^--^ rhombs 1 & 5, 1 & 6, 10 & 14, 

(7^ ^^^ C\\^ CO 1^ ^ 1^' 13 ^ 17» 1^ ^ 1^' 1^ 

>v^^-VIK^^ * 1"^' ^^ ^ 1®' 18 & 19 ; demi- 

/\\ ^f^ /\\ ^3) rhomb 10 & 16 ; imperfect 

\ — / V-^ \ — J V^-V rhombs, 7 & 8, 11 & 12, 15 & 

Fio. xxxiii. 19^ Main grooves five, passing 

An^lysiB of Glyptoci^tis^mMpanis.moditi^ from Q^g,. ^j^^ ^y^^^ ^y ^^y of plates 

15-19 ; all nearly reach the base 
except anterior groove, which is checked by pectinirhomb 10 & 15. 
The resemblance of the grooves to those of Callocystinae suggests that 
that sub-family was derived from Glyptocystis itself; but this is nega- 
tived by the different modification of the thecal plates. Pleurocystisy 
Billings (1854 and 1858), Ordovician, N. America and Britain (Fig. 
XXXIV.). Anal area so large as to occupy almost all one side of the theca 
with its numerous small plates, the anus being at lower right-hand 
comer of the area, which is bordered by plates 3, 2, 7, 12, 13, 14, 8. 
Correlated with this is a flattening of the theca in 1. post, and r. 
ant plane, the atrophy of all main grooves except the two in that 
plane, great diminution in size of plates 15-19, as well as 13. Pectini- 
rhombs 1 & 5, 11 & 12, 10 & 14; the two latter are ai^alogous 
to, not homogenetic with, pectinirhombs 12 & 18, 14 & 15, in 
Callocystinae, Each main groove ends in a single long and sturdy 
brachiole, of the usual biserial structure, with stout covering -plates. 
The stem is longer than usual in the family. The curious homo- 
plastic resemblance to the Anomalocystidae (p. 52) led Haeckel to 
place PUurocystis in that family, though it differs in every essential 
structure. CystoblastuSy Volborth (1867 and 1870), Ordovician, Russia 
(Fig. XXXV.). Imagine a Gheirocrinus in which plates 10, 11, 12, 
and 14 are still further pushed up between those of the fourth circlet 
than they are in (7. Volborthiy in which plate 13 has entirely dis- 
appeared so as to compensate for the asymmetry induced by the 
anus ; in which the arm-grooves, of the usual structure, are stretched well 
into plates 15-19 and limited to those plates, as in C, sculptiLa: then you 
will have such a form as Cystohlastus. It need only be added that the 
anus is surrounded by plates 8, 14, and 19 ; and that pectinirhombs 
1 & 5, and 1 & 6 remain as before, while demi-rhombs unite the plates 
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which now form the third circlet, viz. in order, 14, 15, 10, 16, 11, 17, 
12, 18, 19. The superficial resemblance of Cystoblasttu to certain 
Blastoids has led most 

writers to imagine a true -- *^' ^^ _ ^ 

relationship. This involves 
the entire disappearance 
of plates 5-9 ; the homolo- 
gising of the plates here 
called 10, 11, 12, and 14, 
as well as the absent 13, 
with plates 20-24, and the 
consequent disappearance 
of plates 10-14 also ; the 
violent supposition that 
the horizontal transverse 
or tangential folds of the 
demi-rhombs in Cystohlastus 
originated the radial or 
vertical folds of the hydro- 
spires in Godaster; as well 
as such minor points as 
the shifting of both anus 
and hydropore, and the 
fusion of two pair of basals, 
neither of them the same 
pair as composes plate 3 of 
Oystoblasttis, 

The structures of the 
subvective grooves in the 
more highly specialised 
genera of tbis family have 
often been spoken of as 
"recumbent arms." They 
differ, however, from the 
arms of Crinoidea in origin 
as well as recumbency. From 
the subvective structures of 
Qlyptosphaeridae and Pro- 
toblastoidea, they differ 
in that the brachioliferous 
plates are not thecal plates 
or even intercalated be- 
tween such plates, but lie 
outside them and often 
transgress their sutures. 

Family 7. Caryocrin- g 

IDAE. Rhombifera in which 

the theca is composed primitively of four circlets of plates, comparable to 
the infrabasal (IB), basal (B), radial (R), and deltoid (A) circlets of a crinoid 




Pleurocystis fUUex- 
tm. 1, analysis; 2, 
view from antanal 
side, restored from 
original observations ; 
8, view from anal side, 
after Jaekel. 
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with dicydic base (p. 99X and dominated by trimeioiia tyminetrj. IBB 4, 
the two on either side the anal interradina apparently being produced by 
fusion of two original pairs. BB 6 (ten in Ataroeyieu). Alternating with 
BB are 6 RR, between which, on the anterior side of tiie cup, two or three 
interradials (iR) may be developed. (In Ataroeyi^ the iRR ako alter- 
nate with the BB.) On the interior of all these plates the stereom ia 
thrown into strong folds, forming bundles of laminae at right angles to 
the sutures ; on the exterior the ends of the folds are marked by pores, 
each surrounded as a rule by a raised rim, and sometimes broken up into 
two or more smaller pores. Since the laininae correspond in position aud 
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Fio. ZZZV. 

CyttoNofttM leudUenberyi, after Volborth. 1, onl turikM ; 2, pott«rior : 8, aboral tnrfkoe ; 
4, uutlysis ; «.!», plates flooring arm-grooves ; 0, mouth ; At^ anus, the position of which ia 
indicated by * in 1 ; If, hydropore between 18 ft 19 ; SI', attachment of stem. 

essential structure to ordinary pore-rhombs, the pores necessarily run in 
lines from the umbones to the angles of each plate (Fig. XXXVI. 3, 4) ; these 
structures may have helped in respiration ; but are in no sense homo- 
logous vdth Blastoid hydrospires. The three primitive food-grooves (ant, 
r. and 1.) are of equal size and bifurcate in like manner. The proximal 
portion tends to be hypothecal ; then a short portion lies on the theca 
like the " recumbent arms " of die Qlyptocystidae ; the distal portion is 
freely exothecal, biserial, and brachioliferous. Stem well developed, 
circidar in section. Qenera — Hemicoamitts, von Buch (1840, red escribed 
1845 ; see also Joh. Mtiller, 1854 ; syn. Hexaheystisy Haeckel), Lower to 
Upper Ordovician, Russia, and perhaps Silurian, N. America. Com- 
paring the dorsal cup (Fig. XXXVI. 3) with a crinoid cup, we may 
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imagine the anterior radius to be doubled, concurrently with the 
bifurcation of the anterior arm, and may therefore speak of the lefb and 
right anterior RR and IBB -and the anterior B, while the other plates 
retain their usual names. The three iRR rest on the truncated upper 
margins of the anterior and right and left antero-lateral BB, and are half 
the width of the RR, but quite as high. The anus, with valYular 
pyramid, Ib left of the posterior interradius, being in fact below L post, 
i^ and between L post aud post BB. The tegmen is solidly covered 
with nine plates alternating with the nine plates of the radial circlet 
(Fig. XXXVI. 1). These plates have no pores like those of the dorsal 
cup (but the posterior one is rugose at its adoral end, and appears to have 
been pierced by a hydropore). From the central mouth three food- 
grooves run over these plates towards the anterior and the right and left 
antero-lateral RR The mouth and grooves are protected by relatively 
large irregular covering-plates. At the end of each groove is an oval 
area over which passed the base of a biseriol arm, which became free almost 
immediately. (Jaryocrinus, Say (1826, see von Buch, 1845, and Hall, 1852 ; 
synn. StribalocyitUj S. A. Miller; Enneacydis, Haeckel), Upper Ordovician, 
Scandinavia, and Silurian, N. America. Dorsal cup (Fig. XXXVI. 4) differs 
from that of Hemicosmites only in absence of anterior iR, and of anus, the 
latter having moved up to the tegmen. The covering-plates of the food- 
grooves have become larger and incorporated in the tegmen (Fig. XXXVI. 2), 
so that the grooves are subtegminal (cf. Crinoidea Camerata) ; but 
end in facets on the margins of the RR and iRR. Since the grooves 
branch while beneath the tegmen, these facets are more than three, though 
still distributed into a left, right, and anterior group. In the growth of 
the individual. Hall has noticed successive stages with from three to 
fourteen facets ; six and nine are fairly common, but for adults thirteen 
is the usual number, the thirteenth being added on the right of the anus. 
Hall describes the arms as composed proximally of ''semicircular, and 
scarcely interlocking " ossicles ; distally the brachialB alternate so that 
the arm is biseriaL Each brachial bears a grooved pinnule, perhaps also 
biseriaL In Oorylocrinw and Juglandocrinus (both von Eoenen, 1886), 
Upper Ordovician, South France, the composition of the dorsal cup (Fig. 
XXXVI. 6) Ib the same as in Caryocrinus. The tegmen of Corylocirinus 
is composed of four plates, of which the right, left, and anterior bear arm 
facets, apparently as in Hemicosmitee ; the posterior tegminal plate is very 
thick and porous (a madreporite). In Juglandocrinvs (Fig. XXXVI. 5), as 
in a young CaryocrintLs, the food-grooves are subtegminal, and come to the 
surface on the upper margins of three large plates, which are right, left, 
and anterior in position, and alternate with -three smaller platea These 
six plates exactly correspond to the tegminal plates of Hemicoamites ; a 
central plate over the mouth, and three plates covering the food-grooves, 
represent the covering-plates of that genus. This interpretation of von 
Koenen's obscure genera was partly suggested by P. H. Carpenter (1891). 
An anus was doubtless present, though not observed in the imperfect 
specimens. Heterocystis, Hall (1852), Silurian, New York (Fig. XXXVT. 7), 
appears to have been derived from Hemiamnitea by the vertical bisection of 
4 BB (viz. r.post, r. ant-lat, ant, 1. ant-lat), thus producing 10 BB ; 




Fio. XXXVI. 

Caryocrinidae. 1, tegmeii 
of HemieotmiUs, x|; the 
|iUt«fl covering the mouth 
are removed. (From Brit. 
Mnit. E7&91.) 2, legmen of 
Caryoerinits, x2. (Modified 
from P. H. Carpenter.) 3, 
analysis of Hemico$mUe*. 
(Original.) 4, analysis of Oi. 
ryocrinus (based ou various 
figures). 5, t^pnen, and «, 
analysis, of Juglandocrimis 
(based on von Koenens 
iigures). 7, analysis of He- 
ttrocystU (base*! on Hall's 
tigiiresX 

The three primitive rays 
are distinguished as ant.,r., 
an<l I. Tlie four circlets are 
marked IB, B, R, A T (teg. 
minals). Among the teg- 
rainals, that marked if is 
connected with the hydro- 
pore. Plates intercalated 
in Jt circlet are marked ill ; 
Br', fkcets for brachioles. 
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the corresponding broadening of L ant B ; the sinking of the 6 RR, 
and 3 IRR, so as to alternate with the 10 BB, except in posterior 
IR, which is entirely occupied by anal plates ; the repeated bifurcation 
of the arms, as in Oar^iKfrin'm^ but probably to a greater extent, accom- 
panied by an increase in number of tegminal and accessory plates, the 
arrangement of which is unknown. Stereom-folds are visible. Thecal 
plates nodose (cf. Hemicosmites), hence the name of H, armatus given to 
the only specimen known. 

Throughout this family there is no strict correlation between the arms 
and the cup-plates. There is in both structures a dominance of the 
number three or six, it is true ; but each arm has not its own radial plate 
supporting it, as in Crinoidea. Indeed, an arm may be borne by a plate 
that, on all other grounds, would be considered as interradial. Moreover, 
the trend of evolution in the family is parallel to the probable evolution 
of early Camerata, rather than towards that or any other Crinoid type. 

Order 3. Aporita, Zittel (1879, restr.) 

Cystidea in which pentamerous symmetry affects the food- 
grooves and thecal plates, probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are exothecal and 
circumoral. The stereom and stroma show no trace of folds, 
rhombs, diplopores, or anything other than the finely porous 
structure characteristic of all Echinoderm stereom. 

One may regard this order as a backwater in the stream of pro- 
gress, derived perhaps from the Ehombiferi, but leading nowhere 
in particular, and only retained because the forms referred to it 
cannot be placed elsewhere. The arrangement of the thecal plates, 
and a homoplastic resemblance to Hypocrinus (p. 178), have sug- 
gested to some a connection with the Crinoidea. 

There is only one family, the Crtftocrinidae, and in it the thecal 
plates are arranged in four circlets. CryptocrinuSy von Buch (1 840 and 1 845), 
Ordovician, Russia (Pig. XXXVII.). Theca small, irregularly spheroidal, 
composed of four circlets of plates. Aboral r»rclet of three unequal plates, 
produced by fusion of an original five, the ifused plate being in right 
anterior interradius. Above these is a circlet of five rather large hexagonal 
plates, following on and alternating with which are five smaller sub- 
pentagonal plates. These surround an irregular pentagon in which are 
the minute plates of the fourth circlet, and other small tegminal plates. 
Five main food-grooves lead from the mouth to facets borne by these 
adoral plates. The free brachioles rising from the facets must have been 
slender. The anus, with valvular pyramid, lies between two plates of 
the third circlet, either supported on a plate of the second circlet, or 
separated therefrom by a small supplementary plate. The hydropore 
appears to have been in the adoral plate opposite the anterior food-groove, 
and left of the anus, which therefore occupies much the same position as 
in Gljrptocystidae. Another pore, perhaps excretory, lay in the adoral 
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plate on the left» that U, opposite the anna. There waa a slender stem 
of circnlar columnals. Ly$ocyiUi, S. A. Miller (1889, proposed for^c^ttio- 
qfdiiy Hall non Wyyille Thomson; syn. Seoloeydii, Qregory, 1897X 
Silurian, N. America. Theca sub-pentagonal, composed of four circlets of 
plates. Aboral circlet of four (t) small plates, followed by two circlets of 
five plates each, regularly alternating, and an adoral circlet, number un- 
known. Apparently three free brachioles, possibly becoming five by the 
usual bifurcation. Anus at adjacent upper angles of two plates of third 
circlet. In the only known species the plates of second and third circlets 
were strongly nodose. Stem unknown. 



-^' 




Fio. XXXVII. 

Cryptoerinus, 1, flrom oral surfkco ; 2, enlarged view of oral region, the tegrainal plates 
removed ; 8, aboral view ; 4. side view. (All diagranunatised fh>m Jaekel.) A$t anus ; fir', 
focets for brachioles ; Jtf, hydropore ; p, another ix)re ; Sf , facet for stem. 



Order 4. Diploporita, Zittel (1879, emend.) 

Cystidea in which radial symmetry affects the food-grooves, 
and by degrees the thecal plates connected therewith, but not the 
interradial thecal plates ; probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are epithecal, i.e, 
are extended over the thecal plates themselves without intermedi- 
ate flooring ; they are also prolonged on to exothecal brachioles, 
which line the epithecal grooves. The stereom of the thecal plates 
may be thrown into folds, but the mesostroma does not so much 
tend to lie in strands traversing the sutures, nor are pectinirhombs 
or ''pore-rhombs'' developed; diplopores are always present in 
the mesostereom, but often restricted to definite tracts or plates, 
especially in higher forms. 

While some descendants of the Aristocystidae were seeking in 
vain to perpetuate their race by assuming the flattened carapace 
of Anomalocystidae, and while others, becoming more reconciled 
to a sedentary life, were stretching out from their mouths longer 
and longer arms into the food-bearing sea, raising themselves too 
on loftier columns, there were yet others that hit upon another 
way of meeting the needs of a fixed existence. The chief need 
was to expose food-collecting surface in greater amount and over a 
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wider area. The way found was to stretch ciliated grooves from 
the mouth over the surface of the theca, and then to raise them on 
armlets or brachiola placed at fit intervals. At the same time, 
the hydrocoel, it may be inferred from its constant connection 
with such grooves, sent out branches corresponding with the food- 
grooves ; from these branches were given off the podia, serving 
for both respiration and the prehension of food. This wandering 
of the brachiola away from the mouth marks then the develop- 
ment of two structures previously unknown among Echinoderms : 
(1) canals radiating from the hydrocoel along the theca ; (2) an 
intrabrachial, circumoral, or ventral region of the theca, such as 
in Crinoids is called the tegmen. These two structures, in one 
form or another, characterise all Echinoderma other than Amphor- 
idea and a few Ehombiferi. But it seems that they were inde- 
pendently developed along many lines. What in the Crinoidea 
is a mere "tegmen" or pot-lid, comes in Olyptosphaeray in the 
Edrioasteroidea, and in the Echinoidea, to form the greater part of 
the test; and with it the perradial ambulacral vessels extend; 
whereas the theca of Aristocystidae, which in Crinoidea becomes the 
specialised and important calyx or dorsal cup, is in the other orders 
more and more reduced until in some cases no more of it can be re- 
cognised than the plates of the anal pyramid or their homologues. 
Another structure characterising this order, viz. diplopores (p. 41), 
may possibly have assisted respiration by bringing lacunar blood- 
vessels into closer contact with the sea-water ; this may have been 
connected with a less development of podia. The functions of 
diplopores have not as yet been satisfactorily explained by reference 
to recent Echinoderms. 

Family 1. Sphabronidae. Primitive Diploporita, in which the food- 
grooves do not extend from the mouth beyond the adoral circlet of plates. 
Diplopores diffuse. The included genera show the early stages of tegminal 
and ambulacral development ; in none of them does more than a single 
cycle of plates intervene between the oral pole and the bases of the 
brachiola. The five plates forming the cycle are interradially placed, 
being separated by the grooves proceeding from the mouth to the brachioles. 
The direction of these grooves is primitively the same as that of the food- 
grooves in Eehinosphaera, viz. one anterior, opposed to the anus, two 
lateral, each of which soon branches, thus making five grooves in all, 
with bilateral symmetry. Thus the shape and position of the five inter- 
vening plates are those characteristic of true orals (see p. 124). Genera — 
Sphaeronis, Hisinger (1828 and 1837) ; the name was proposed to replace 
Echinoiphaera of Wahlenberg (1818) for no assigned reason, but was 
restricted to forms agreeing with Echinus pomum^ Qyllenhal, by Job. 
Midler (1854). The species referred to this genus by Angelin (1878) are 
all Ordovician, and agree in the following characters (Fig. XXXVIII.) : — 
A spheroid or ovoid theca, sessile on a broad base, composed of irregu- 
lar plates, the mesostereom of which is pierced by regularly formed 
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diplopores ; the anas close to the perifltome, and with a valvalar pTramid ; 
small hydropore, perhaps combined with gonopore, between mouth and 

anus, to the left ; five orals 
separated by food -grooves 
with primitive bilateral 
arrangement. The various 
species may be arranged 
in groups, according to 
the number of times the 
grooves branch, and the 
number of brachiola given 
off from them. Haeckel 
(1896) has sought to separ- 
ate as genera {Pomonttes^ 
Pomoqfdis, Pomotphaera) 
those with one, two, three, 
and four brachiola to each ray; but until Angelin's notoriously 
inaccurate figures shall have been corrected by observation instead 
of by hypothesis, these names can rest on no sure ground. Moreover, 
Lov^n's figure of the type- 
species, S. pomumy repro- 




Fio. XXXVIII. 



Spkanonii globulus, after Angelin. 1, from side, nat. 
size ; 2, tegmen, enlarged. 




duced in our Fig. XXXIX., 
shows that the number of 
branches visible may be 
two, three, or four in a 
single individual. Eu- 
efttU, Angelin (1878), Or- 
dovidan, Sweden (Fig. 
XIa), sends its grooves 
fiuther down the theca 
than Sphaeronis, over one 
or two circlets of thecal 
plates. From the distal 
end of each ray a brachiole 
was given off, while others 
of uncertain number and 
position arose along the 
side of the grooves. Prob- 
ably some of the forms 
described by S. A. Miller ^^^ xxxix. 

as Holocystites should be Adoral region of Spteeroni* jwnuw (from Lov^n, "On» 
placed here (e.g. TrematO- Leskia tninbau;' O/v. Vet.-Akad. FUrhandU 1867, p. 434). 
^,mi»» lt^t^ra^\ ol4-l«r^ii»l« ^» orals covering mouth ; vg, section of food-groove running 
cynxs^ jaeKei;, aiinougn from mouth toB/jbracWole-flicets, some of which are pierce«J 
their orals are not known, ^y »" "i»l c*n*l ; -^^ plates closing over anus ; a, pro- 
TT • -KC'ii r^t 1 minence with two pores, which Lov^n considered gono- 
il.flrynnw*, Millers Gurley pores; Af, ridge which Lov6n thought might indicate a 
(1894), presents a stage in jnajreporite for C may represent combined gonopore and 
y^xKjo-Kfy |/xc»«ui« » °*^^ "* hydropore); diplopores surround the whole area, 
the development of food- 
grooves that in some respects is more advanced, although the peristomial 
plates have no regular arrangement (Fig. XLIL). Allocystis, Miller (1 889), 
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Silurian, Indiana, may go here. Proteocystis, Barrande (1887), Lower 
Devonian, Bohemia (Fig. XLL), differs from Sphaeronis mainly in the ir- 
regular branching of the food-grooves, which stretch farther over the theca, 
though whether the tegmen ever contained more than one cycle of plates 
cannot be determined from the published figures. Apparently the hydro- 
pore formed a slit between the small gonopore and the mouth ; and the 
base, broader than in Sphaeronis, is said to have been prolonged into a stem. 




Fio. XL. 

Eueystis raripiinrtata, oral surface^ 

after Angelin, enlarged. 



Fig. XLI. 
ProknqfstLsflnva, oral sur- 
face, slightly restoreil from 
Harruiide, enlarged. 



Mouth ami loo<l- 
grooves of " Ifolo- 
rtfxtiti'n " gifrhms, 
after Miller" & Gui - 
ley. 



Its geological age forbids us to regard Proteocystis as a link between Sphae- 
ronitidae and Glyptosphaeridae, but it certainly lias points of likeness to 
the latter family. Carpocystis, Oehlert (1887), Lower Devonian, AV. France, 
is a simple spheroid with large stem-attachuient. Palmacystisj Haeckel 
(1896), Archegocystis, & Codiacystis, Jaekel (1899), are forms with the 
epithecal branched food-grooVes, described by Barrande as hydrophores 
palmees of PirocystiSy Craterina, & Aristocystis. 

Family 2. Glyptosphaeridae. Diploporita in which the food -grooves 
extend over the theca well beyond the adoral circlet, and irregularly 
transgress the sutures between the 
thecal plates. Diplopores diffuse. 
These represent a further advance 
on the type of structure originated 
in Sphaeronitidae. Genera — 
Glyptosplutera, J. Miiller (1854), 
Ordovician, Baltic countries (Fig. 
XLIIL), has for type the species 
first figured by the Duke of 
Leuchtenberg (1843), and dis- 
tinguished by Volborth (1846) as 
Sphaeronites Leuchtenhergi. The 
spherical theca, reaching a diameter 
of 7 cm., and larger than any other 
cystid, is composed of irregularly 
arranged polygonal plates, bearing 
diplopores. The mouth is covered 
by five orals (0) with characteristic bilateral symmetry, and from between 
them the anterior unpaired, and lateral paired, grooves radiate about 







A^-.- 



Fio. XLIIL 

Glyptosfphatra LeiichteJibergi, after Volborth, nat. 
size. For lettering, see adjoining text. 
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half-way over the theca, crossing the sutures of the pktes, and giving otf 
short branches on either side, or sometimes on one side only, at irregular 
intervals At the ends of the branches are facets (Br^ for the support 
of brachioles. The grooves are shallow and have minute covering-plates. 
The anus {Ai)^ of which the valvular pyramid is rarely preserved, lies about 
a third of the way down the theca ; between it and the mouth are two 
openings, a little to the left, viz. a small round gonopore ((?) and a madreporite 
(Af). The latter, the representative of the hydropore, is always dose to 
the first brachiole-facet of the left posterior groove, at the junction of three 
plates ; it consists of folds (slits 1) running at right angles to the sutures, 
and is bounded by a slight ridge forming a triangle or trapezoid. According 
to Volborth, there was at the aboral pole a stem, -hf ^ i width of theca, 
with a wide lumen, and low columnaLs with five longitudinal sutures, and 
with encrusting root-expansion. Eichwald, however, could not find more 
than a short conical extension of the theca, and this agrees better with 
the appearances of specimens sent by Volborth to the British Museum. 
Funfjocystisy Barrande (1887), Ordovician, Bohemia (Fig. XLIV.), differs 

from Glypiotphaera in the broad base, 
hollowed for attachment to some marine 
object, and forming an angle with the long 
axis of the theca; the paucity of diplo- 
pores ; and the regular alternation of the 
groove branches, making each groove a zig- 
zag. The test itself is not preserved ; the 
internal casts show no sign of the external 
grooves and brachioles ; but they show 
between anus and mouth a curved eleva- 
tion (madreporite % 

Family 3. Protocrinidab. Diploporita 
in which the food-grooves extend over the 
theca almost to the aboral pole, and are 
regularly bordered by alternating thecal 
Fio. XLiv. plates (" adambulacrals "), on which are 

Fujmcysiu ~'^™a_^«>«>»;: the brachiole-facets. Diplopores diffuse or 

structed on the eviaence of ^ , j i i i i. i . <■ i 

Barrande's figures ; enlarged. confined to aoambulacrals, from which they 

are never absent These represent a further 
advance in precisely the same direction as previous families. Genera — 
Protocrinus, Eichwald (1840), Ordovician, Russia (Fig. XLV.), was well 
described by Volborth (1846). Theca spheroidal or ovoid, attached by 
a stem in the young, but free in old age and losing all traces of attach- 
ment (cf. Lichenoides^ Thecal plates larger, stouter, and more swollen 
than in Glyptosphaera ; all bear diplopores, which may become somewhat 
at right angles to main food-groove, on the adambulacrals. The main 
grooves are rather straighter than in Glyptosphaeray lying regularly between 
large alternating thecal plates (adambulacrals), each of which bears a 
brachiole, except one or two of the proximal ones on the side towards the 
direction of the clock-handa Hydropore minute, above anus. Proterobladus, 
Jaekel (1895; syn. Dactylocystis, 1899), Ordovician, Russia (Fig. XLVI.J. 
Theca ovoid, sometimes prolonged gradimlly into a stem (cf. Dendrocystis). 
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Thecal plates dearly differentiated into: (a) smooth, irregular, and 
depressed interambnlacrals ; (6) transrersely elongate adambulacrals. 
Diplopores at right angles to main food- groove, and confined to inner 





AttiU 



Fio. XLV. 

Protocrinut (MfvrmU^ after Volborth. 1, oral surface^ showing food-grooves partly covered 
bv ambnlacnOs, x |; 2, aboral surface of young individual, snowing stem -attachment; 8, 
abond surface of old individual, without stem. 

portions of adambulacrals. Each adambulacral bears a brachiole-facet ; 
there are about thirty-six in each ray. 

Family 4. Mbsoctstidab. Diploporita in which the food -grooves 
extend over the theca almost to the aboral pole, and are regularly 
bordered by alternating brachioliferous adambulacrals, raised above and 
outside the adjacent interambulacrala Diplopores confined to* inter- 
ambulacraLs. Five interradial deltoids (A) sur- 
round the peristome. In this family we reach 
the final stage of the Diploporita, although a 
branch parallel with the Mesocystidae passes on 
in the direction of the Eublastoidea, beyond the 
boundary of the Cystidea. Genera — MesocystiSf 
Bather (Jan. 1898, ^MmteSy Hoffmann, 1866; 
Nikitin, 1877 ; Agelacrinusy Schmidt, 1874), 
Ordovician, Esthonia. Theca (Fig. XLVII. 1) 
simulates that of a regular echinoid, or still more, ^^^^^ 
EdrioaiteTf since the mouth is on the upper 
surface; from it narrow food-grooves, protected 
by covering -plates, pass straight do\^Ti to the ^'*** ^^''^^• 

margin of the flattened aboral surface (^ig^ y,JSSS^)"food^ 
XLVII. 2). Adambulacrals raised above the (Amb) bordeied by adambu- 
general surface of the theca, by the pushing in |?1^5 "J^^j^jJ;:^^'^' 
under them of the adjacent interambnlacrals ; 

thus they outwardly resemble the sub-ambulacrals or side -plates of 
Gallocystinae (Fig. XLVII. 3). The interambnlacrals do not, however, 
absolutely meet underneath the adambulacrals, but leave an irregular 
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canal (which may have contained a nerve of the aboral nerve -system). 
InterambulacraU numerous and irregular, all pierced by diplopores. 
Mouth lies in a depression (cl Edrioagter) ; surrounded by five interradial, 
slightly forked A, apparently continuous with the adambulacrals, and 
homologous with the five plates similarly situated in Sphaeronis. Posterior 




2 4 

Pio. XLVII. 
Metoeystis Pusirefikii. I, general form, restored after Hofftnann and Nikitin. 2, oral sur- 
face, after HoCrmann, enlarged ; the deltoids are not clearly shown. 8, structure of the adoral 
end of a food-groove, modified fh>m Jaekel ; tlie covering-plates removed from the lower right- 
hand part ; much enlarged. 4, transverse section of a food-groove, after Jaekel. As^ anus ; 
odAmJ), adambulacrals or side-plates (s.p) ; cp, covering-plates or anibulacrals ; Br, dotted 
outlines of brachioles, borne by Br', brachlole-facet ; fg, food-groove ; xAvib, interambulacrals, 
pierced by diplopores (p) ; M, supposed hydropores, probably only due to a boring parasite ; 
0, mouth. 

A pierced by hydropore (and ? gonopore). Anal pyramid in upper part of 
posterior interambulacrum. Aboral surface of theca composed of numerous 
small plates, but the structure of its central region is still unknown. 

Family 5. Gomphdctstidae. Diploporita in which extension of food- 
collecting surface is provided by the curving of the five main grooves 
around the theca and not by their prolongation on to brachioles. 
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Gomphocystis, Hall (1864), Silurian, N. America and Gotland (Fig. 
XL VI II.). Theca flattened above, greatly 
elongate below, composed of many irregular 
plates, pierced by diplopores. From a central 
moutb five food -grooves radiate over the 
theca, curving sinistrally around the upper 
part, and occasionally descending a short dis- 
tance on the stem-like base. Covering-plates 
often strongly developed, and grooves lowered 
beneath thecal surface. Jaekel (1895) states 
that small side -grooves, but no brachioles, 
occur in a Qotland species. Anus close to 
mouth, in an interradius. Attachment ap- 
pears to have been by the base, as in ArisUh 
cystis. The curving of the food-grooves and the 
asserted absence of brachioles cause Gompho- ^'°- XLViii. 

cv8t%8 to resemble many Edrioasteroidea. But , ('omphocystis unax, from above 
the structure of the grooves seems to be that and from side with outlines of 
which obtains in Diploporita, while the 5!;i'e?Har" x^^ '" "'''^'' '*''• 
presence of marked diplopores confirms the 

reference to that order. In any case the family is out of the main line 
of evolution. 

APPENDIX TO CYSTIDEA. 
The following names liave been supposed to refer to Cystids : — 
Ascoeystis, Ban*. , probably a Canicrate Crinoid. 
BalanocystiSy Ban*., indeteniiinablc. 
Caniarocrinus, Hall (syn. Loholithus^ Ban*.), root of a Crinoid {Scyphocrinus, 

apud Jaekel). 
CardioeystiSy Barr., indetcmiinable. 
CrinocystUy Hall, probably a Canierate Crinoid. 
CycloerinuSy Eichwald {Pasccolus, Billings), now regarded as calcareous Algae ; 

at any rate not Echinodemis. 
Cystidea, a name used by Barrande for any indeterminable fragment, and not 

intended as a zoological genus. 
DictyocrinuSy Conrad, is a Receptaculito. 
Hyponome, Loveu, the ejected viscera and disc of an Antedon. 
ffypocrinuSf Beyrich, an Inadunate Crinoid (see p. 178). 
LiehenoerinuSt Hall, the root of a Pelmatozoan (see p. 133). 
IfespilocystiSy Barr., probably Stephanocrin'us (see p. 96). 
NeoeystiSj Barr. , probably the root of a Pelmatozoan. 
PoroerinuSj an Inadunate Crinoid (see p. 172). 
Jihombi/era mira, Ban*., is a Stephanocrinus (see p. 96). 



A fairly complete Bibliography of the Cystidea was given in — 
Barrande, J,, 1887. Syst^me Silurien du centre de la Boh^me, 1" Partie : 
Recherches PaUontologiques. Vol. YII. Classe des Echinodermes. Ordre 
des Cystid^es, 4to, xvii. and 232 pp., xxxix. pis. Prague. 
The literature is so interwoven with that of Crinoidea and Blastoidea, that 
other references are reserved for the list at the end of Pelmatozoa (p. 211). 



CHAPTER X. 

THE BLASTOIDSA.^ 

CLASS IL BLASTOIDEA, Say (1826, mum exieiuo). 

Grade A. PzotoblMtoidBft. 
B. EohUitoidBft. 

PsLMATOZOA in which five (by atrophy four) epithecal ciliated 
grooyes, lying on a lancet-shaped plate (f always), radiate from a 
central peristome between five interradial deltoid plates (A), and 
are edged by alternating side-plates bearing brachioles, to which side- 
branches pass from the grooves. Grooves and peristome protected 
by small plates, which can open over the grooves. The generative 
organs and coelom probably did not send extensions along the rays 
into the brachioles ; btit apparently nerves from the aboral centre, 
after passing through the thecal plates, met in a circumoral ring, 
from which branches passed into the plate under the main food- 
grooves, and thence supplied the brachioles. The thecal plates, 
however irregular in some species, always show defined basals (B) 
and a distinct plate {" radial," R) at the end of each ambulacrum ; 
they are in all cases so far affected by pentamerous symmetry 
that their sutures never cross the ambulacra.' 

The more primitive of these forms can hardly be distinguished 
from their immediate ancestors among the Gystids, such as Pro- 
terobiasitLs and Mesocystis^ except by the more developed basals and 
radials; and it is this greater intimacy of correlation between 
ambulacral and thecal structures that necessitates their removal 
from the class Cystidea as here defined. Those general relations 
of the ambulacra to the theca, shared by Blastoidea with Diplo- 
porita, serve to distinguish them from the Callocystinae, with 
which some of the genera have been allied by naturalists. To 
these characters may be added the presence of diplopores, which 
are still to be found in the most primitive genus. From the 

1 By F. A. Bather, M JL 

^ The term ** ambalacram " has been looeely uaed in the Blastoidea for the 
thecal elements connected with the food-grooTe. *' PSeadambnlacmm " is more 
conect and more combrons. The relations of the true ambolaend system axe doabtftil. 
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Edrioasteroidea they are separated by the presence of brachioles and 
absence of ambulacral pores. Their line of evolution, though in 
some respects parallel to those of the Gallocystinae and Edrioas- 
teroidea, was independently derived through the Diploporita from 
the primitive Amphoridea. 

Within the class itself may be traced the increase of penta- 
merism, combined with a lessening in number of the thecal plates 
until a very definite arrangement is reached. At the same time, 
there is a concentration of semi-porous structures into the inter- 




FlG. 1. 



AtixnMaiiivM. 1, oral snrfkce of A. sUUatus ; not quite correct, as anal area is not shown. 
8, Bide view of A. Volborihi. Both figures adapted ftroiu ISchniidt, and x 2 diaiii. ami, so- 
called ambulacnun: &r, brachioles, supported on b/, brachiule-facets ; f.g, food-groove; j^, 
pore*plAte, at adoral end of which is deltoid ; R, radial, at end of ambulacrum ; St, stem. 

ambulacral region, and the evolution therefrom of elaborate 
respiratory organs (hydrospires) ; this is probably connected with 
the fact that all external connection with the water-ring (by means 
of a madreporite or hydropore) seems to have disappeared in the 
more specialised forms, and that, if the negative results of research 
may be trusted, there were no extensions of the water-vascular 
system into the brachioles. 

A somewhat arbitrary b'ne may be drawn below forms that 
have acquired the normal definite number of plates and the 
hydrospire-folds hanging far into the thecal cavity; and while 
such forms constitute a grade Eublastoidea or Blastoidea sensu 
siridOy those below the line are Protoblastoidea. 



Grade A. Protoblastoidea, Bather (1899). 

Blastoidea without interambulacral groups of hydrospire-folds 
hanging into the thecal cavity. 
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Family 1. Asteboblastidae. Protoblastoidea with an indefinite 
number of thecal plates, bearing diplopores, and with a pore-plate adjacent 
to, but distinct from, the deltoid in each interambulacrum. Oenus — 
^8^o&Z(M<tM, Eichwald (1862), emend. Schmidt (1874), Ordovician, Russia 
(Fig. I.). Theca pentagonal, on a relatively small round stem ; its hemi- 
spherical dorsal portion is composed of 4 BB and 5 RR, between which are 
from twenty-five (-4. Volbortht) to fifty (A. stellatusy type-sp.) polygonal 
plates ; all plates have radiating ribs (''axial folds'*), between which are 
diplopores. Round the mouth are 5 A, between which food-grooves 
pass to the ambulacra. Each ambulacrum consists of two rows of side- 
plates (adambulacrals), set alternately on either side of the food-groove, 
branches from which run to right and left between adjacent side-plates. 
Any underlying plate there may be is entirely covered by the side-plates. 
At the ends of the grooves are sockets, by which uniserial brachioles were 
attached to the side-plates. Grooves down the brachioles joined the food- 
grooves of the ray, and all probably were covered with small alternating 
plates (ambulacrals). Adjoining each A and 
separating the adjacent ambulacra, is a large 
diplopore- bearing plate; in A. tuberctUatus 
this is much like other plates of the theca 
(on which ground Haeckel has separated the 
species as Asterocystisj Fig. II.) ; but in A. 
stdlatus and A, Volborthi it is enlarged, has 
a pronounced median crest, and is almost 
separated by the ambulacra from the ordinary 
Fio. II. thecal plates. [The anus appears to have 

Portion of the oral sarface of been at the distal end of this " pore plate " 
irT^"liv,'ffi!d^J^[?S: in one of the interambulacra, which is wider 

ing the periBtome ; s.p, side-plates than the Others.] FaMILT 2. BlASTOIDO- 
or adambulacrals. Other letters as «„,^„^.„ •d««4.«v>i««4.^:^^« .^4.-u ^ ^ a •*. 

inFig.i. (After8chmidt.)x2diam. CBiNiDAE. Protoblastoidea With a definite 
number of thecal plates, without diplopores, 
and without distinct pore- plate. Genus — Blastoidocrinv^ K Billings 
(1859), Canadian, and Schmidt (1874), Russian, Ordovician, is only 
known from imperfect specimens, so that only the following details can 
be given (Fig. III.) : — The small round stem is inserted into a consider 
ably invaginated base, as is the case in several crinoids. BB, at least 3. 
RR, 5, not notched for reception of ambulacra, but with truncate upper 
margin ; they support 5 large interradially situate A. Each A consists of 
two parts : an orad, subtriangular piece, like that called deltoid in Agtero- 
blastuSf and a lower, triangular piece corresponding to the pore-plate in 
AsterohUutiLS ; the connection between the two parts is still slight ; indeed, 
in Canada the orad portions are often fused with one another into a pen- 
tagonal frame. The lower portions show a marked striation, due to stroma 
strands, at right angles to the radio-deltoid suture, and on the sutural 
edge the stereom is thrown into folds (incipient " hydrospires ") which, 
however, have not been observed to pass into the RR. The food-grooves 
pass out between the A ; the la^cet-plat« supporting them is covered by 
alternating side-plates, which receive branches from the main groove, and 
are provided with a clear brachiole-facet ; the remains of brachioles are 
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preserved, as in Asterohlc^stus and many Eublastoids. These known facts 
afford no character, other than the less development of the hydrospires, 
by which Blastoidocrinm should be separated from the Eublastoidea, so 





1 Fio. III. 

Blmtoidocrimis carchariaedens : restored on the evidence of E. Billings. 1, oral surface ; 3 
:ayM show the side-plates (sp) with their facets for brachioles (br') ; 1 ray shows the brachioles 
(br) attached ; the 5th ray shows lancet-plate (L) exposed by removal of side-plates. 2, from 
the side ; the upward extension of the stem (St) and the invagiuated basals (B) are indicated by 
dotted lines. ^, incipient hydrospires. 

long as that order includes such a form as Cadaster, But till the structure 
of the base and the position of the anus are known, the genus may be 
kept with its rather more primitive allies, Asterohlastus and Asteroq/stis, 



Grade B. Eublastoidea, Bather (1899). 

( = BLASTOIDEA, AllctL). 

Blastoidea in which the thecal plates have assumed a definite 
number and position in three circlets, as follows : — 3 BB, 2 large 
(formed by fusion of two pairs of the primitive 5 BB) and 1 small, 
in r. ant. IR ; 5 RR, often fork-shaped, forming a closed circlet ; 
5 A, interradial in position, supported on the shoulders or the pro- 
cesses of the RR, and often surrounding the peristome with their 
oral ends. The stereom of the RR and A on either side of the 
ambulacra is thrown into folds running across the radio-deltoid 
suture ; these folds hang down into the thecal cavity, forming the 
hydrospires. 

Beginning in the Silurian with Cadaster and TroostocrinnSy we 
may trace the gradual modification of a simple type, and the 
evolution of the numerous complicated structures characteristic of 
so specialised a form as Pentremites, Starting afresh with Elae- 
acrinus we shall study the elaboration of the structures that 
characterise Orbitremites { = GranatocTinus\ which represents the 
acme of the Eublastoidea in Britain. Thus the morphology and 
the classification will be unfolded along with the phylogeny. 

6 
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Codader^ UVoj (1849), Silurian to Carboniferons, Britain and N. 
America, is the least specialised of all Eublastoids (Fig. V.). The 3 BB 
form a conical cup, on which follows the more cylindrical circlet of 5 
RR, the processes of which bend in 
above almost at right angles, to form 
part of the truncated summit or oral 
surface. Following on the upper mar- 
gins of the radial processes come the 5 A, 
which surround the pentagonal mouth- 
opening (Fig. V. 1). These A probably 
represent the combined A and pore- 
plates of Asteroblastus ; like those pore- 
plates they have a pronounced median l^®*^oidft 
crest ("oral ridge," Etheridge & Car- j^j^^^ 
penter). Between adjacent A, and 
passing down into the sinus of each Basal a 
R, is a long plate, known from its 
shape as the ** lancet-plate " (Fig. V. 2) ; 
the edges of this partly overlap the R 
and A ; its upper surface bears a groove 
which passes between the adjacent A 
to the mouth. It is pierced by a cen- 
tral canal, comparable to the central 
hollow seen in AfesocystiSj and probably 
filled by a nerve from the aboral 
system (Fig. V. 6). Along the sides 
of the lancet-plate lie small "side- 
plates," not, however, in single series, 
but in zigzag, so that each pair forms 
a rhombohedron bisected by the suture 
between them (Fig. VI.). On these 
sutures are brachiole - facets ; and 
branches from the ventral groove pass 
alternately to the side-plates, and on 
to the brachioles. The whole groove 
was covered by small movable plates, 
the impressions of which are seen along 
its sides. The peristome was similarly 
plated over. The apposed edges of 
the radial processes and the A are 
thrown into a set of strongly-marked 
folds at right angles to the radio- 
deltoid sutures (Fig. V. 6). These 
folds in the stereom may be an ex- 
aggeration of the axial folds so con- 
spicuous in Asterohlastus ; the stereom perinisaion of tiie Keeper of the Geologlcia 
forms a thin -folded wall, the ends Department of the British Museum, 
of the folds dipping far down into 
the thecal cavity. One infers from similar foldings in other animals 




Brachioles. 



Theca. 



^Stem. 



•Root. 



Fio. IV. 

Reconstruction of a typical Eublastoid, 
Orophoerinus (vel DimotTpkicrinUi) ^uifor- 
mitt from Kinderhook beds of Iowa. By 
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that the object was an increase of surface for respiratory purposes, the 
outer oxygenated sea-water passing down into the folds and the inner 
coelomic fluid passing up into the alternate folds. Hence to such struc- 
tures E. Billings gave the name " hydrospires.'' They are similar, in 
essential structure and in position across the suture lines, to the pectini- 
rhombe of Callocystinae ; and similarly are a development of the normal 







amb. 





Fio. V. 6 

CodaM/tT trilcbaius. 1, oral surface of young individual of var. ctnUut, with 8 hydrospires 
eaeh side of a food-groove and traces of thera in anal interradius (Brit. Mus. E8020). 2, a tneca 
ground down from the oral surface, thus bringing out the sutures (Brit. Mus. E8028). 8, 
analysis of the main thecal elements. 4, theca seen from the left posterior radius. 5, the 
same theca fh>m below, with posterior interradius uppennost. (Both fh>m Brit. Mus. B8018). 
xj. 6, slightly restored section across part of a radius, anib, so-called ambulacrum or 
pseudambulacruin, with food-groove ; As, aperture for anus ; B, basal ; br, brachiole ; cp, 
covering-plates ; h, hydrospire-folds ; L, lancet-plate ; 0, mouth-aperture ; R, radial ; cp, side- 
plate ; A, deltoid. 

structure of the test The marked pentamerous symmetry of the thecal 
plates (with the apparent exception of BB) and of the hydrospires is 
disturbed only by the anus, which makes an opening between the pos- 
terior A and the adjacent radial processes. From this IR hydrospire-folds 
are said to be absent (but one or two may be seen in some specimens. 
Fig. V. 2). The anal opening was closed by small plates. The essential 
structures of Codaster are all to be found in Protoblastoidea ; the absence 
of interambulacrals, in Blastoidocrinus ; the ambulacral structures, in 
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Atteroblastiis and Blagtoidocrinus ; the position of the anus, in AderoUastus; 
the hydrospires, though fur less developed, in Blastoidocriinis. So much 
is this the case that Cadaster has been referred to the Cystidea by several 
writers of eminence. Further arguments for such action are found in the 
fact that Cadaster has no " spiracdes " at the proximal ends of the ambu- 
lacra, and no hydrospi re-pores along their sides, 
Btructures which are often considered character- 
istic of the Eublastoidea. The gradual evolution 
of the.«e structures may, however, be traced 
within the order. 

Phaenoschismaf Etheridge St Carpenter (1882, 
-8G), Devonian and Carboniferous, Europe and N. 
America, differs from Cadaster mainly in the fact 
that the hydrospi re-folds become more concen- 
trated, and pushed in under, or overgrown by, 
the side-plates and part of the lancet-plate, so 
that as a rule only their ends are visible (Fig. 
VII. 2) ; they are also well developed in the 
anal IR. The side-plates may lie at the sides 
of the lancet-plate, as in Cadaster^ or they may 
lie on it ; in cases where the proximal side-plates 
project far over the hydrospires, they may 
entirely roof in the depression in which the 
hydrospires lie, only leaving a small communi- 
cation with the exterior on either side the 
proximal end of the ambulacrum (Fig. VII. 6). 
The openings thus formed arc the rudiments 
of " spiracles." The side-plates that in Cadaster 
formed the outer halves of the rhombohedral 
pairs are here diminished in size and pushed out- 
wards (Fig. VII. 1). They arc now distinguished 
as "outer side-plates" (cf. similar structures in the recumbent arms of 
Callocystinae). Cryptoschisma, Etheridge & Carpenter (1886), Lower 
Devonian, Spain, differs from Phaenoschis^na and Cadaster in little but the 
greater breadth of the ambulacra, which entirely conceal the eight hydro- 
spire-slits on either side. Sometimes the ambulacra do not reach to the 
tops of the deltoid crests (or oral ridges), and thus there is a spiracle on 
either side of each crest, or ten in all ; but sometimes they reach right up 
the oral ridges, so that the spiracles of adjacent ambulacra become con- 
fluent, and there are five in all (Fig. VII. 8). This is expressed by saying 
spiracles " double '* or " single " respectively. Orophocrimis, von Seebach 
(1864 ; synn. Dimorphicrinus, d'Orb. ; CadaniteSj Meek & Worth), Carboni- 
ferous, Britain, Belgium, and N. America (Fig. IV.). The hydrospire-slits 
are more concentrated at the bottom of the depression for the ambulacra 
(" radial sinus ") than in previous genera ; but since the ambulacra are 
narrower, some of the slits may be exposed, and the spiracles are merely 
clefts, often extending all along the sides of the ambulacra (Fig. VII. 7). 
The concentration of the hydrospire-slits causes the inner walls of the 
two nearest the median line of the ambulacrum to meet along that line, 



Fio. VI. 

Food -groove and aHsociated 
structures of Cadaster triloba' 
liM, greatly enlarged. o.«.p, 
outer side -plate; «.;), side- 
plate ; br, brachiole • facet, 
from which passes a small 
groove tof.g, the main food- 
groove, along which are im- 
jp^essions of covering-plates. 
TheM structures are borne 
by L, lancet-plate, in which 
is luCf a possible nerve-canal. 
Beneath this emerges A.t), 
the plate forming the side 
of ^, the first hydrospire-fold. 
(Based on Brit. Mus. E8027.) 
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and so to form a new structure known as the *' under lancet-plate'' 
(** Bub-laacet "). In this genus the oral surface is raised into more or less 
of a dome, so that the A are visible in side view. Post A encloses the anus. 
PmUremitideay d'Orbigny (1849, emend. Eth. & Carp., 1882,-86), Dev- 
onian, Spain, the Eifel, and N. America. In the form of the calyx, the 
complexity of the hydrospires, and other points there is great variability. 
P. PaUUtteiy de Vem., however, type of the genus, is not far removed from 
Fhaeit0tchisma and Oryptoschisma, Eight hydrospire-folds lie on each side 
of Mi ambulacrum, entirely covered by the broad lancet-plate. The 
tide-plates are on top of the lancet-plate, so that none of it is visible. 
The outer side-plates are wedged in between the side-plates and do not 



p.p. sp. 




3 K22fc^:^vj;t; 





Fio. VII. 

1, Phaenoachisma VemeuUi, food -groove seen from above. Ip, lancet-plate ; «p, side-platei, 
between which are the small outer side-plates. 2, section across part of a radius of the same ; 
the hydrospires are here in the deltoid, and only a process of the radial is seen {R.pr). 3, part 
of an ambulacrum of Pentremites, seen from above, x 6 diam. 4, left side of the same further 
enlarged, showing some of the covering-plates (diagrammatised fi*om SteinmannX 6, section 
across a radius of Penti-emites, x 6 diaiii. C-8 are diagrams showing the evolution of spiracles : 
6, in Phaenoschvma : ends of hydrospire-folds still visible, only an incipient^ spiracle. 7, in 
Orophocriniis ; a long spiracle-slit is enclosed between side-plates and deltoid ridge. 8, in Crypto- 
achisnui: on the left the spiracles are distinctly separated by the deltoid ridge ; on the right 
the side-plates of adjacent ambulacra meet and the deltoids sink, so that the spiracles appear 
single, or, brachiole ; ftr*, articular facet for same ; c.p, covering-plates ; A, deltoid creat ; 
/.Qt food-groove ; L, lancet-plate ; 0, peristome ; o.s.p, outer side-plate ; p, pores ; R, radial ; 
9, spiracle ; «.{, sub-lancet ; a.p, side-plate. 

project beyond their edges. A covered by radial processes, so that only 
the crests are exposed. The spiracles are clefts on either side the 
ambulacra, between the deltoid crests and the proximal side-plates. The 
anus pierces post. A, which therefore has no crest, so that the adjacent 
spiracles are confluent with the anus ; the opening so formed is called " the 
anal spiracle." In some species (esp. P. angulata) the side-plates do not 
cover the lancet-plate any more than they do in some species of Phaeno- 
schisTna, Within the limits of Pentremitidea (as defined by Etheridge & 
Carpenter) two changes of importance take place. The hydrospires no 
longer remain extended, with each fold opening into the space below the 
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oTeispreading ftmbulacram, but the admedian folds become gradually 
lowered into the thecal cavitj and open into a common canal (e^. P. 
ciovoto); thoB each aystem of folds forms a "pendent" hydrospire-sac. 
The second change is the slight notching or bevelling of the ends of the 
side-plates and ^e projection of the outer side-plates so as to touch the 
wall of the radial sinus ; thus is formed along each side of the ambulacrum 
a series of openings by which water is admitted to the hydrospires, which 
it bathes and then passes out again by the spiracles (e.g. P. Iimtonica) ; 
these openings are called " pores,'' but are not comparable to the haplo- 
poies or diplopores of the Cystidea, to the water-pores of Crinoidea, or to 
the ambulacral pores of Echinoidea. Penirtmiiety Say (1820, originally 
P^ntr^mtto), Carboniferous, N. America (Fig. XV. 1), appears to be a 
descendant of the American species of Pentremitidea. The chief difference 
is that the side-plates do not cover the lancet-plate, but rest against its 
edge ; thus the ambulacrum becomes much broader and assumes a petaloid 
shape (Fig. VII. 3, 4). A sub-lancet is developed, as in Orophocrinus ; 
hydrospire-folds 3 to 9 according to the species, freely pendent (Fig. VIL 5^ 
as in some Pentremitidea ; but in some species the floor of the radial sinus 
meets below the hydrospires at the distal end of the ambulacrum. A 
canal runs between the hydrospires and the side-plates, emerging through 
spiracles which may be single or double ; there is an anal spiracle, as in 
Penlrtmiiidea, Though limited in geographical and geological distribution, 
Peniremia has more species and individuals than has any other Blastoid 
genus; for this reason, and because it was the first of its class to be 
introduced to science, it has usually been treated as the type of the Blas- 
toidea. Zoologically considered, however, it merely represents the acme 
of one particular line which thereafter died out 

We return, therefore, to the Silurian, and take up the beginning of 
another line of development, apparently connected in origin with that 
which has just been traced and not very divergent therefrom. 

Troostocrinus, Shumard (1866, emend. £th. & Carp., 1886), Silurian, 
N. America, might be expected from its geological position to be a primi- 
tive form ; and that it is such is shown by the structure of the ambulacra 
(Fig. VIIL). The chief differentiation from the CodasUr type lies in the 
elevation of the radial processes ; the restriction of all A, except post. A, 
to a very small truncate summit, so that the hydrospire-folds are almost 
entirely formed out of the radial stereom ; the narrowing of the radial 
sinus, so that (as in some species of Pha^wiechitmuC) the side-plates are 
pushed up on to the top of the lancet-plate, while the hydrospire-folds 
are pushed beneath it The outer side-plates are small, subtriangukr, 
squeezed out to the edge of the side-plates, with which they alternate ; 
they touch the wall of the radial sinus so that "pores" are formed 
between them. The hydrospire-folds are midway between the Codasterid 
type and the pendent type; their admedian walls, which support the 
lancet-plate, are thickened, and tend to form *' hydrospire plates," covering 
the immediately adjacent folds. The canal that runs along above the 
hydrospires and below the lancet and outer side -plates comes to the 
surface at the oral end through a spiracle bounded by the A and lancet- 
plate, and since the deltoid crests are slight, the spiracles are almost 
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single. The anus opens through, the posterior spiracle, %,e, through the 
oral end of post A ; the position is less primitive than in Codastery but the 
greater size of post A seeins primitive. MdahlatiuSj Eth. & Carp. (1886), 
is represented hj doubtful species in the Silurian of N. America, less 
doubtful from Devonian of Europe, and undoubted from Lower Carboni- 
ferous of N. America. It closely resembles TroodocrinuB in form ; but 
the A are all equal, small, and confined to the summit^ while the two 






Pio. VIII. 

Trwatwrinut RtinwardH, 1, Mction acroM a radios, much enlarged. 2, upper part of 
theca, posterior view. 8, oral surface of theca. Lettering as before, jif +<Pt anus aud con- 
fluent spiracles. (2 and 3 slightly altered firom Stheridge £ Carpenter.) 



posterior spiracles are distinct from the anus. In structure the ambulacra 
scarcely differ from those of Troostocrinus ; but the lancet- plate of 
M, lineatus is said to have three longitudinal canals *•*, the meaning 
of which is not obvious (cf. Schizoblastus). The base is elongate, and 
triangular in section, with flattened sides. Tricoelocrinus, Meek & Worthen 
(1868), Carboniferous, N. America, and (J) Queensland (Fig. XV. 2), owes 
its name to three excavations along the interbasal sutures, corresponding to 
the three flattened sides of Metahlastus, A feature of more importance is 
the enclosure of the distal portion of the hydrospires within the thickness 
of the radial plate ; this is probably due to the upward growth of the 
floor of the sinus, as has taken place, independently and to a less extent, 
in Pentremites, Eleutherocriniis, Shumard & Yandell (1856), Devonian, 
N. America, is probably a descendant of Troostocrtnus, It has, however, 
lost its stem and adopted some mode of life that has affected its symmetry. 
The place of the stem is occupied by the small r. ant B. The two, other 
BB are pushed a little to the side and produced up the theca to meet the 
broadened and shortened L post R. The remaining RR, with their ambu- 
lacra, are much like those of Troostocrtnus and Metahlastiis ; this 1. post. 
R, however, bears a short ambulacrum with only seven side -plates on 
either side, but these greatly widened transversely to the median groove, and 
curved distal wards (Fig. IX.). There are small A, and (apud Shumard) 
spiracles at their oral ends on either side of each normal ambulacrum. 
The anus is stated by Wachsmuth (in Whiteaves, 1889) to lie on the 
right upper margin of the abnormal R, and therefore at the aboral end 
of the A. Sections across the ambulacra (Eth. & Carp., 1886) show a 
lancet -plate with large longitudinal canal, and seven hydrospire- folds, 
arranged as in Troostocrimis^ on either side of each ambulacrum in its 
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upper part ; at the nboral end of the ambulacrum the flbor of the radial 

sinus comes below the lancet-plate (cf. Tricoelocriniis). 

NucleocnmcSf Conrad (1842, 
synn. EUieacrinui, Roemer, 1851; 
and Olivanitei, Troost, MS., 
1849), Devonian, North America, 
differs much from the genera 
hitherto described (Fig. X.). Al- 
though the theca is lofty (often 
olive - shaped) the BB and RR 
reach a very short way up it ; 
the BB and lower part of RR 
ai*e pressed inwards, and the 
radial sinus receives only the 
distal extremity of the ambula- 
crum. The greater part of each 
ambulacrum lies between certain 
in^erradial plates. The posterior 
interradius contains three such 
plates — a median plate, at the 
oral end of which lies the anus, 
and a plate on either side. These 
lateral pieces meet at their oral 
ends, enclosing the anus, and 
stretch down between the central 
piece and the ambulacra. The 

central interradial is smooth, with a median vertical ridge ; but the lateral 

pieces are transversely grooved, each groove corresponding to a pore 




Eleutheroerinut Ca$$edayi; oral view x C diaiii. 
The abnonnal, L post radiiia turned to the 
observer ; r. post, ray has covering-plates (c.p\ 
which in life would have covered over the oral 
centre; in r. ant ray the e.p are removed 
and one sees the whole of the side-plates («.o) ; 
these again are removed from ant. ray. exposing 
the lancet-plate (L) ; removal of L in 1. ant ray 
shows the hydrospires (A.«). (Based on Shumard 
ft Tandell, and Whiteaves.) 




Nudeoerinut Verne^tUi. 1, firom anterior radius, x g. 2, oral view, Bhowing lai-^e cover- 
ing-pUites over the peristome (from Brit Mus. ISO), x f. 8, f^om ]HXiterior interradius, x J. 
As, anus ; c/>, covering-plates, which were continuous over the food-groove (fy) ; Jli, iiiternidiRl 
pieces ; R, radials ; «p, spiracles ; A, deltoids, the limbs of which flank the ambulacra. 



in the ambulacrum. As regards the structure of the other inter- 
ambulacra there is a difference of opinion. Each contains a lanceo- 
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late central area, with a mecliau ridge, separated from the ambulacra bj 
transversely grooved areas meeting adorally. Some specimens show 
appearances of sutures between these areas, especially at the aboral end. 
Hence Lyon (1857), from the study of many hundred specimens, and 
Billings (1870) concluded that these interambulacra also contained three 
plates, as a rule fused together. Roemer and Etheridge & Carpenter, 
however, believed that there was only one plate, and that the markings 
were merely oniament. The am- 
bulacra are narrow ; their struc- 
ture is shown in Figs. X. 2 and 
XL They dip down to the mouth 
underneath a roof of strong plates. 
The hydrospires are pendent, tlieir 
folds reduced to two ; they emerge 
through large spiracles, separated 
by the interambulacral plates. 
As for the homologies of the 
thecal plates, those who believe 
that there is only one in each 
interambulacrum regard that one 
as the A, which in the posterior 
interradius is split in two by an y\q. xi. 

intercakted anal plate. This section of ambul«.rum of .Vu.?.orrin«, r.r. 
makes Nudtocrxnu^ a highly "ntnixlXy x 10 dlam. &.r, brachiole; /<, lancet- 

8peciali«Kl form, into whicl, is T/u^U'^f '.:{;.« filwJI^nbUa^'^ 
suddenly introduced an element "iterambuiacrais. 
found in no other Eublastoid. If, 

however, we accept the view that each interambulacrum has essentially 
the same composition, viz. three plates, we ai*e able to institute compari- 
sons with Protoblastoidea. These suggest that the true homologues of the 
A in NiicleocriniLS are the proximal portions only of the plates called deltoid 
by Etheridge & Carpenter. This latter expl.ination of the structure of 
NxuiUocrinus permits us to regard it as primitive in all except tne hydro- 
spires, and consists better with its geological age. SchizohlastuSy Eth. & Carp. 
(1882-86), Carboniferous, Britain and N. America, r^ay be described 
as a Nucleocrinus in which there is only one plate in each of the inter- 
ambulacra ; this therefore may be called a deltoid, but may well represent 
the three plates some suppose to exist in NmleocriniiSy since it preserves 
their peculiar sculpturing. In some species it is of much less relative 
size. The hydrospires, as in Nucleocrimcs^ ai'e of simple structure, with 
one to four folds. In two American species the posterior spiracles 
arc separate from the anus, as in NucleocHnus; in others they are con- 
fluent. The plates roofing the mouth, though not quite so stout as in 
NivcleocrintLSf are usually well preserved. Cryptohlastm^ Eth. & Carp. 
(1886), Carboniferous, N. America, is like a Schuohlastns with small 
A. The hydrospires dift'er from those of Nucleocrinus and Schizohlasttu 
only in the development of hydrospire- plates (cf. Troostocrinus) which 
extend right up the sides of the lancet- plate, separating it from the 
folds and from the walls of the radial sinus. But where the A are 



90 



THE BLASTOIDEA 




Fio. XII. 

Section of anibnlAcrum of OfWrrmiiu 
Narwoodi, x 10 dUm. hp, hydroipire-pUte. 



reached, the lancet-plates abut directly on them, without leaTing any 
pores ; the hydrospire-cancU pass np beneath the lancet-plates, and open 
through spiracles on either side of each A. OrbUremiteSy T. &. T. Austin 

(1842, generally known as GrancUo- 
erinus, Hall, 1862), Carboniferous, 
England, N. America, and (f) Queens- 
land (Fig. XV. 3, 4). The general 
shape and relations of the plates are 
as in Sehizobkuiut and Oryptobladui, 
Hydrospires the same as in Crypto- 
bUutui (Fig. XXL). The hydroepire- 
canals here are surrounded by the 
A, and pass through them to five 
single spiracles (the posterior confluent 
with the anus) at the apices of the 
A, which sometimes project as short 
tubes. The plates roofing the mouth are minute and usually irregular. 
Heterobl(utu8f Eth. & Carp. (1886), Carboniferous, England, and (!) N. 
America, differs from OrbUremites in that the hydrospire- canals pass 
beneath the A, and then curve outwards on either side of each A. The 
adoral end of the A is produced upwards as a short stout process. Met<h 
hloitus, Eth. & Carp. (1886), Carboniferous, England, Belgium, (?) N. 
America and Queensland, differs from Orhitremites in that the hydrospire- 
canals are continued upwards over the flattened lateral portions of the 
A, and open at the sides of the A crest . In some species the crest is 
almost absent, and the bpiracles therefore almost single. AcentroiremiteSy 
Eth. & Carp. (1883-86), Carboniferous, Somerset, is only known from 
one specimen, but is a far more distinct genus than those just described 
(Fig. XIIL). The general 

form is that of Orhitremites. ^^P^^idMlhahJ^^f'' 

The hydrospii-es do not pass 
up into the A, but the canal 
opens immediately on the 
suture between A and R ; 
there are thus ten spiracles, 
as in Schizoblastus Sayi, The 
anus pierces post. A, close to 
its adoral end. The number 
of hydrospire -folds is un- 
known ; the inner walls form 
a structure meeting in the 

median line, and thus like a sub-lancet ; but also passing up the sides of 
the lancet-plate, and thus like a hydrospire-plate. The lancet-plate is 
small and perforate ; it is covered by small side-plates and large outer 
side-plates. 

Pentephyllum, Haughton (1859), Carboniferous, Limerick, is based 
on a single internal cast It is said to be unstalked, and this con- 
dition, if obtaining, is correlated with the asymmetry shown in the 
slight shortening of cue ambulacrum and the slight curve of the 




Fio. XIIL 

Transverse section of ainbulacruin of Acentrotremites 
aiiptieut. 
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adjacent ambulacra towaicU the opposite side. The linear ambulacra, the 

large A, and the strictly pentagonal base remove it from the other 

irregular Blastoids, and suggest affinities with the group of genera last 

discussed. •Zygoerinui^ Bronn (1848, syn. Adrocrinusy T. & T. Austin, 

1843, non Conrad, 1840, nee AsterocrinuSy Miinster), Carboniferous, Britain 

(Fig. XIV.). This highly asymmetrical form 

has been elaborately described by R Etheridge, 

fiL (1876), and by Etheridge & Carpenter 

(1886X but its affinities remain uncertain. 

Its resemblance to EUutherocnniu lies only in 

secondary characters induced by a sessile life. 

The theca is depressed, stemless, and produced 

into four lobes ; on the shortest of these lies 

an ambulacrum modified much as in EletUhero- 

ertnuBy and towards it the two larger BB 

stretch up as in that genus. The four normal 

ambulacra lie in the depressions between the 

lobes. Three A are large and stretch out over ^°' ^^^' 

the lobes; two are smaU and flank the EthSS^*A (^^i, 1!^l 

abnormal ambulacrum. Anus and spiracles 2J|S^ ^^^vw' »^^;®d 

, ^ ,, .i»iji. i_ lood-groove (ilmo) towards the 

unknown. One hydrospire-fold lies on each obBerver ; 0, peristome ; Ast, 
side of the radial sinus, and is enclosed by it tttow w'SiumT"*"*' ^^"^ 
at the distal end (c£ PentremiteSy Tricoelocrinus), 

The surface is covered with strong tubercles which bear minute spines 
(cl Hydricnnus^Arihracanihay p. 158). 

Olassiiication. — We have now reviewed every known genus of 
Eublastoidea, in an order approximating, as near as our very imperfect 
knowledge of many types wiU allow, to that of their race-history. This 
seems to show three main branches : one leading from Codastevy through 
PhaenoscfUsmay to Pentremittdea and PentremiteSy with offshoots Crypto- 
sehtsma and Orophocrinw; the second from TroostocrinuSy through Meta- 
hlastusy to TricodocrimLSy with the offshoot Eleutherocrinus ; the third from 
NucUocrinuSy through SchizohldstuSy to Cryptohlastusy OrbitremiteSy Meso- 
blastusy and HeterohladvSy with an offshoot AcentrotremiteSy and probably 
PerUephyUum, Zygoerinus also is perhaps connected with this third line 
of descent 

The classification of Etheridge & Carpenter does not agree . very 
well with the phylogeny here outlined. The erection of an "Order 
Irregulares" is no more likely to be correct for Blastoidea than for 
Crinoidea. With the exception of the Codasteridae, their families of the 
** Regulares ** are based almost entirely on the relations of the hydrospire 
canals to the deltoids, relations which may vary considerably even in an 
individual, while they take no account of important differences in the 
relations of the hydrospires to the ambulacra. Moreover, in the con- 
struction of family names, these authors have contravened the laws of 
nomenclature. 

The following classification attempts to overcome the above objections 
while making as little change as possible : — > 

Series A. Codonoblastida. Family 1. Codasteridae. Hydrospire- 
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folds distinctly portions of the thecal plates, coming to the surface of the 
radial sinus. No distinct hydrospire-canal or pores ; spiracles developed 
imperfectly or not at all. Gtenera — QodMAtXy Phaeno9ehi9maf Cryptotehiimay 
Orophoertntu. This family coincides with that of Etheridge & Carpenter. 
Family 2. Piktrimitidae. Hydrospire-folds, usually numerous, concen- 
trated at the lowest part of the radial sinus, and partly or wholly pendent 
Hydrospire-canal opens through spiracles bounded distally by side-plates. 
Base convex. Ambulacra rather broad. Genera — Pentremitideay Pentre- 
mites. This equals the Pentremitidae of Etheridge & Carpenter, minus 
Metoblastut, 




Fig. XV. 

Himm of typical Blnstoids. 1 , a CodonoblMUd—Pentremites robustiu (from Brit. Mus. E8U5). 
8, a Ttoo^lt^aatid—Triooelocrinus woodmani (from Brit Mus. B8171). 3 and 4, a Granato- 
iMMtid—OrtUremites orUeuiarU (from the type-specimens, Brit. Mus. B813&). 3, from the side. 
4, fhmi below, with posterior interradius uppermost. All figures nat, size. 



Series B. Troostoblastida. Family 1. Troostocrinidae. Elongate 
forms with linear ambulacra descending sharply outwards from the much 
restricted peristome. Hydrospire-folds only slightly concentrated, but 
communicate with exterior through pores, and through spiracles bounded 
by A and lancet-plates. Genera — TroostocnnuSj MefablastuSy Tncoelocrinun, 
TTiis equals the Troostohlastidae of Etheridge & Carpenter. Family 2. 
Eliuthkrocrinidae. Elongate, stemless, asymmetrical, with four narrow 
ambulacra, accompanied by unconcentrated hydrospires. Fifth ambula- 
crum shortened and widened. A minute. Genus — Eleuiherocrinns. 

Series C. Granatoblastida. Family 1. Nucleocrinidae. Interam- 
bulacra show traces of a primitive triad of plates. Ambulacra linear, and 
stretching far down the theca, which is ovoid. Hydrospire-folds few and 
pendent Spiracles double. Mouth roofed by large plates firmly united 
into a tegmen. Genera — Niiclcocrinm^ Scliizohladus. This family equals 
Etheridge & Carpenter's Nucleoblastidae, inimis Cryptohlastus and Ace7itrO' 
tremites. Family 2. Orbitremitidae. Theca globular with concave or 
flattened base. Ambulacra linear, stretching down to concavity of base. 
Hydrospire-folds few and pendent ; a hydrospi re-plate always present 
(unknown in Hetcroblastus). Hydrospire-folds rarely penetrate A, but long 
canals pass onward, through, beside, or under them, except in Acentro- 
tremites. Genera — OrhitreviiteSf Cryptohlastus, Heterohlastus, Mesohlastus, 
Acentrotremites, This corresponds to Etheridge & Carpenter's Granato- 
blastidae, phis Cryptohlasttis, Mesoblastus, and Acentrotremites, Family 3. 
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Pentephyllidae. Theca subpentagonal, stcmless ; RR aiymmetrical. 
Ambulacra linear, stretching down to base. One shorter than the rest 
Qenus — Pentephyllum, Family 4. Ztgocrinidae. Theca depressed, stem- 
less, asymmetrical, quadrilobate. Four ambulacra between the lobes, 
accompanied by a single hydrospire on either side. Fifth ambulacrum 
shortened and widened. A large. Qenus — Zygocrimis, 

A BibUography of the Eublastoidea was given by R. Etheridge, juo., 
and P. H. Carpenter, <* Catalogue of the Blastoidea in the . . . British 
Museum," London, 1886. A complete index of names with references 
to literature is furnished by F. A. Bather, " The Genera and Species of 
Blastoidea, with a List of the Specimens in the British Museum," London, 
1899. For other references see Nos. 16, 17^ S6, 27, 30, 34, 38, 45, 50, 
60, 64, 69, 71, 73, 75, 76, 77, 78, 82, 84, 85, 94, 95, 96, in the list at 
the end of Pelmatozoa (p. 211). 



CHAPTEB XL 

1HX CBBOIOBA.* 



CLASS m. CBINOIDEA, MnuB (1831) 

(=CBtsonmx ^uuthiaia, Jwdt. mUnm; EccmnMHUU, Sttal, 

1879). 



8c»Cl.AflB 1. MOXOCTGUCA. 

Order 1. 

« 2. 
„ 3. 
SabOrdo- 1. 



3. 



SuB-ClASS 2. DlCTCUCA. 



Order 1. 
Sub-Order 1. Cyatliocriiioidaft. 



„ 2. 
Order 2. FlAxilnluL 

Grade 1. Tmpiimata. 
„ 2. Pimiata. 
„ 3. dmerata. 

PXLMATOZOA in whicb epitbecal extensions of the food-grooves, 
ambulacrals, superficial oral nervous system, blood-vascular and 
water-vascular systems, coelom, and genital system are continued 
ezothecally upon jointed outgrowths of the abactinal thecal plates 
(brachia), carrying with them extensions of the abactinal nerve- 
system. The number of these processes is primitively and norm- 
ally five, but may become less by atrophy. The brachia rise from 
a corresponding number of thecal plates, "radials (RR)." Below 
these is always a circlet, or traces of a circlet, of plates alternating 
with the radials, i.e. interradial, and called " basals (BB)." Through 

1 By F. A. Bather, li,A. 
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all modifications, which are numerous and vastly divergent, these 
elements persist. A circlet of radially situate infrabasals may 
also be present. Below basals or infrabasals there follows a stem, 
which, however, may be atrophied or totally lost. 

Although many Rhombifera simulate Crinoidea in the penta- 
merism of the theca or the possession of exothecal extensions of 
the food-grooves, yet in none are those extensions supported by 
plates that are clearly outgrowths from the abactinal system of 
thecal plates ; in none is there the intimate correlation between 
brachia and radialia that obtains in the Crinoidea. This class 
therefore cannot be derived from the Rhombifera, as many 
structures might otherwise lead us to suppose; the presence of 
brachia also forms a clear distinction between it and Diploporita 
and Blastoidea. A further difficulty in tracing the origin of the 
Crinoidea is furnished by the occurrence of perfectly developed 




Fio. I. 

Analysis of the cup and brachial elements of Hyhoeystis probUmaticui, The outlines of the 
food'gtooves (vg) are dotted. 

species in the Lower Cambrian, while representatives of all crinoid 
orders are plentiful in Ordovician rocks. Further research, how- 
ever, may throw back the origins of other Echinoderm classes ; in 
any case, negative evidence when Cambrian rocks are concerned 
counts for little. 

Certain features in some of the older Crinoidea seem to throw 
light on their ancestry. Such are the presence of hydrospires, 
comparable to those of Codaster, in Carabocrinus (p. 172) and 
Hybocrinus (p. 145); the presence in these and other genera of 
well-developed deltoids (A), over the edges of which pass the ambu- 
lacra, while the posterior A frequently shows signs of a hydropore 
(Fig. XXXYI.) ; the absence of a brachium frnm certain radials in 
Baerocrinus (Fig. LYII. 4) ; the greater development of three radials 
in many Inadunata Monocyclica (see p. 144). We are thus led to 
a form not unlike that which is; actually presented by Hybocystis, 
Wetherby (1880), from the Ordovician of Kentucky (Fig. L). 
This has 5 large subequal basals, 5 radials, and 5 deltoids. The 
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anus lies between the posterior A and the radial circlet, being 
separated from the latter by a special anal plate (x). The right 
posterior radial is transversely bisected ; its upper smaller portion 
(Rs) being pushed a little to the right by x. The striking 
peculiarity of this form is the continuation of the food-grooves 
over the thecal plates, as in Diploporita and Blastoidea. In the 
right and left anterolateral rays these pass over the edges of the 
deltoids, over the radials, on to the underlying basals. In the 
anterior and the right and left posterior rays there are two ossicles, 
each as high as wide, supported on the summits of the radials ; 
the grooves pass between the deltoids, over these ossicles, down on 
to the outer surfaces of the radials. These ossicles form exothecal, 
jointed outgrowths of the abactinal thecal plates ; a deep notch on 
their inner surfaces, leading into the cup by a hole between the 
deltoids, suggests that they bore, besides the ambulacral structures, 
also extensions of the abactinal nerve-system. Therefore, although 
incipient, they constitute true brachiay such as are found in no 
Echinoderma except Crinoidea, and they show us the probable way 
in which brachia originated. Hydrospires have not been described ; 
but, considering their occurrence in the closely allied Hyhocrinus 
(Fig. XXXVL), they are likely to be found along the radio-deltoid 
sutures, as in Codaster. Brachioles fringing the grooves do not 
seem to have been present, nor has a lancet-plate been observed. 
These facts, as well as the five basals, prove that Hyhocystis is not 
an offshoot from Eublastoidea, as indeed its geological age forbids ; 
but it may well be derived from early forms of Protoblastoidea. If 
Hyhocystis be admitted as actually ancestral, then the development 
of brachia in only three rays sheds light on corresponding irregu- 
larities of development in many simple and ancient crinoids, connect- 
ing them in this respect with primitive Cystidea (see pp. 11, 53). 
Another form suggestive of the connection of the Crinoidea with 
the Blastoidea is Stephanoci-iiius, Conrad (1842), Silurian of N. 
America and England. C. F. Roemer (1851), Joh. Muller (1853), 
and Pictet (1857), regarded it as a cystid ; Etheridge & Carpenter 
(1883) and S. A. Miller as a blastoid ; Dujardin & Hup6 (1862) 
and Hall (1851) as a crinoid ; Zittel (1879) as doubtfully a 
blastoid. Wachsmuth & Springer (1886) proved the presence of 
brachia, which make it unquestionably a crinoid, but said, "It 
agrees by its oral and anal pyramid with certain forms of the 
Cystids, while in its general habitus and in the position of the 
ambulacra it agrees with the Blastoids." Stephanocrinus (Fig. II.) 
has 3BB, 5RH, and 5 A, arranged as in Eublastoidea, especially 
Codasteridae. The radial processes are often prolonged into spear- 
like spines (S), one in each interradius. Each ambulacral groove lies 
in a deep sinus between the deltoids and radial processes, and it is 
continued on to an arm, which rises from a single brachial at the end 
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of the sinus, and immediately bifurcates, the groove forking with it. 
The edges of the deltoids meet beneath the groove, but a space for the 
mouth (" peristome ") is left in the middle. This space, as well as 
the whole groove, is covered by ambulacrals ; these often fuse into 
a single plate on either side the groove, where it passes over the oral 
surface of the theca, and form five plates, likewise often fused, over 
the peristome (P). The anus is between posterior A and the adjacent 
radial processes, and is closed by a valve of four to six small plates. 
Certain pits in a similar position in other interradii possibly are 
atrophied hydrospires (A). The ornament of the cup-plates is strongly 
reminiscent of that in Eublastoidea ; but there are clearly marked 
axial folds passing up from the basals to the arm-facets, perhaps due 
to the greater development of the abactinal nerve- system in the 
brachiate form. There were neither brachioles nor a lancet-plate. 
Stephancerinus undoubtedly belongs to the simplest and most 
primitive group of the Crinoidea, and it is hard to believe that its 



Pro. II. 

Stephanocrinus angukUm. 1, 
Arom anterior radius, x 2 diam. ; 
2, ftom oral Rurface, x 4 diam. 
(from Brit. Mu8. £6715). As, anus, 
covered by plates; Ax, axillare, 
fh>m which are 8upiK>sed to spring 
two ann-rami; Br', (XMition from 
which these spring, between S, 
spines formed by radial processes, 
broken off in 2, and showing (A) 
supposed atrophied hydrospires ; 
P, lar^e covering -plates over the 
peristome, which is surrounded by 
the five orals or deltoids (0). 




remarkable resemblances to Eublastoidea are merely homoplastic, 
especially since the position of the small basal is not one which 
usually occurs in other Crinoidea that have fused basals. 

However the crinoid or brachiate stage in the history of the 
Pelmatozoa may have been reached, it will be useful to recapitu- 
late here the common pelmatozoic characters as well as those 
distinctive of the Crinoidea, as manifested in a normal crinoid of 
simple structure. The specialisation of those characters will be 
shown historically in the systematic part; but since many 
structures have been produced or modified in the same way more 
than once, a general account of the processes may be given here. 
We can speak more decidedly on questions of development and 
internal anatomy in this class, since the differences between extinct 
and recent genera are not such as to hinder interpretation. 

A normal Crinoid was thus described in 1821 by J. S. Miller, 
the founder of the class : ''An animal with a round, oval, or 
angular column, composed of numerous articulating joints, 
supporting at its summit a series of plates or joints forming a 
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more or less nnmeroiiBy surroimding the aperture of the moath, 
situated in the centre of a plated integument^ which extends over 
the abdominal cavity, and is capable of being contracted into a 
ccmic or proboscal shape. Some species of ^eee animals ascer- 
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tained to be permanently attached to extraneous bodies, whilst 
others appear to have been capable of locomotion." So little is 
amiss with this description, that we need do no more than trans- 
late it into modern terminology, as follows :— 

A normal Crinoid (Fig. III.) consists of a " crown " (coroM^ 
attached by its dorsal (».«. aboral) extremity to a " stem " (a>^umna), 
which is fixed to the sea-floor or to some solid body by a " root " 
(^Qdv£), The crown consists of a iheca (or calyx, in the sense 
of Wachsmuth & Springer) containing the viscera, and of 5 
"arms" (ftrocAia), which may be more or less branched. That 
part of the theca below the origins of the free arms is called the 
" dorsal cup " (or shortly " cup ") ; that part above the origins of 
the free arms, ».«. the oral surface, is called the legmen (sometimes 
" disc," sometimes "vault," between which a distinction erroneously 
used to be imagined). The skeletal and many of the other 
systems have a radiate arrangement, of which 5 is the dominant 

i^QOOU ^^^ — 
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DiCYCLIO 

Base. 



Fw. IV. 
Imaginary analyses of the structure of the dorsal cup in two simple types of Crinoid. 

number. Thus the whole animal can be divided into 5 cor- 
responding and almost symmetrical sections, " pentameres," by 
5 imaginary "perradial planes," starting from the vertical 
dorso-ventral axis and passing through the origins of the arms. 
The skeletal elements are either perradial or interradial in 
position. 

The Dorsal Cup in its simplest form is composed of 2 or 3 
circlets of 5 plates, those in one circlet alternating with the 5 in 
the adjacent circlet (Fig. lY.). Of these the most important are those 
that support the brachia, and to them the term radialia (KR) is 
restricted. The interradial plates below these are called bascUia 
(BB), since in many crinoids they form the base and rest on the 
stem. In some crinoids a circlet of perradial infrabasdlia (IBB) 
occurs beneath the BB (which latter are then called parab^isaiia 
by some writers). The former type of base is called " monocyclic "; 
the latter " dicyclic." 

The Tegmen in its simplest form is likewise composed of 5 
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plates, ddtoidea (A)j here regarded as synonymous with oralia (O), 
alternating with the RR (Fig. V. 1). But there are nearly always 
also present " ambulacralia " (Amb or c.p), covering the grooves 
that lead between or over the apposed edges of the A to the 




Fio. V. 

Three Htagen in the evolution of the Tegmen. 1, orals only : 2. oralH aitd aiabuUtcmls ; 
8, omls, ambiilac»l8, and enlarged i>eri8tOHiial aiubnlacraUi. 



brachia (Fig. V. 2). The mouth is either beneath the A or in a 
space between them ; in the latter case it is covered by ambulacrals, 
often 5 in number and interradial in position, and taken to be 
orals by some writers (P in Fig. V. 3). The posterior A in many 
primitive forms seems to have been pierced by a 
hydropore, the walls of which may be folded so as 
to form a madreporite (cf. Stelleroidea and Echi- 
noidea). The anus {As) lies between post. A and 
the adjacent RR, and is closed by a valvular 
pyramid, often surrounded by, or raised on, small 
plates. 

The Brachia in their simplest form consist of a 
series of ossicles called hrachialia (Br), which con- 
tinue straight up from the radials (Fig. VI.). The 
surface of the radial to which the proximal brachial 
is attached is called the '^ radial- or arm -facet." 
Each brachial is rounded on the outer or dorsal sur- 
face, and grooved on the inner or ventral surface. 
The ventral or brachial groove contains the follow- 
ing soft parts, taken in order from ventral to 
dorsal (Fig. VII.). On the surface, the food-groove 
(J.g), lined with ciliated epithelium {et\ which directs 
a stream of water towards the mouth; an epi- 
thelial nervous band {n\) stretching from the 
superficial or oral nerve - system ; a blood-vessel (6), "radial 
pseudhaemal canal"; a water - vessel (m;), which gives off tubes 
\p) to a series of podia or "tentacles" (i) that fringe the 
food-groove and subserve sensation and respiration; two "sub- 
tentacular canals " (s./.c), extensions from the body-cavity ; a canal 




branched arm, that 
of Hyhocrinus. -R, 
radial ; £r, bra- 
chial; c.j>, cover- 
in(^- plates or am- 
bulacn' 
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containing the genital cord or rachis (^.c) ; and a " coeliac canal " 
(c,^. On either side of the water-vessel, beneath the tentacles, is a 
senso-motor nerve (n2), giving off branches to the muscles of the 




Pio. VTT. 
Dia^in^ni of HOli<l section of a Ciinoi<l arm. For er 



uition of letters see atljoining text. 



water-canals and to sensory papillae (.s) on the tentacles. Below 
all these, in a special groove on the very floor of the main brachial 
groove, lies another nerve, the " axial cord " (a.c), proceeding from 
the aboral or dorsal motor nerve- system ; the groove in which this 
lies is often (as in Fig. VII.) separ- 
ated from the brachial groove 
during individual development 
by an outgrowth of stereom, and 
is then known as the " dorsal " or 
" axial canal " (Fig. VIII.). The 
axial cord sends off branches (n3) 
to all the muscles of the arms, 
and to supposed sensory endings in the ectoderm (ec?), and is con- 
nected with the subtentacular nerves. All these soft structures 
in the ventral groove are protected by covering-plates (c.;>), also 
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Fio. VIII. 

Stages 111 tlie separation of an axial canal, 
cxeinpliHe<l by brachials of GiKSocrimis rfonio- 
dactyhis. 1 is youngest ; 4, oUlost. X <» iliam. 
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Fig. IX. 

Ambulacralff. 1, ventral \iew of 
two brachials of Gxaocnnvn tqnami- 
ftr^ with c.p cloBwl above aiid re- 
moved below, X 8 diam. 2, side view 
of brachials of Antedvn, iNWirurttz, 
with cp open, exposing tentacles (0 : 



called " ambulacrals " (Amb), which can open or close as occasion 
demands (Fig. IX.). 

We may now trace the various 
extensions of the Body Systems into 
the Thecal Cavity. 

The food-grooves and associated 
Btractures, except the axial cord, pass 
over the tegmen to the mouth, into 
which the food -grooves drive their 
streams of water. The mouth leads 
into a gut, which makes a dextral coil 
down to the bottom of the cup, and 
then rises along the side of the cup to 
the anus; this system, then, is not 
affected by radiate symmetry (see 
Fig. Vn. p. 9). 

The epithelial nerves on the floor 
aLnT^rtx'Vti:;^'^^ o^ <^*^« food-grooves also pass to the 
are seen notches for saccuu (p. 1S7X mouth, whcre they joiu an epithelial 
^^^ *"*"** ridge encircling the mouth; from 

this "oral ring," nerves pass to the walls of the gut. The 
paired subtentacular nerves run down to a subepithelial, 
" circumoesophageal nerve-ring," below the oral nerve-ring. From 
this ring proceeds, in each interradius, a pair of nerves which 
innervate the tegmen and the mesenteries of the body-cavity. This 
nerve-system is connected with the aboral nerve-system in a manner 
explained below. 

The radial pseudhaemal canals join a " pseudhaemal ring " 
round the oesophagus beneath the oral nerve-ring ; these structures 
are hard to distinguish, and even in other classes, where they are 
better developed, their origin is not yet clear. There is, however, 
surrounding the oesophagus a " lacunar plexus " belonging to what 
is generally called the blood-vascular system. The circumoeso- 
phageal ring is connected with two vascular trunks leading from 
the plexus that surrounds the intestine and that absorbs nutrient 
substances therefrom ; these substances appear to be worked up 
into corpuscles by a "spongy organ" in the oesophageal ring. The 
ring is also connected with a plexus that passes down the vertical 
axis of the theca, through the coil of the gut, to the base ; this 
surrounds the " axial organ " {vide infra). 

The water- vessels (perradial ambulacral canals) meet in a 
circumoesophageal water -vascular ring (hydrodrcus) ; these struc- 
tures have longitudinal muscle-bands, as well as muscle-fibres 
traversing the lumen; no ampullae or valves are differentiated, 
as they are in forms where this system has a locomotor function. 
In so simple a crinoid as is here in question, there is good reason to 
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believe that the water-ring opened into the body-cavity by a single 
ciliated canal in the posterior interradius ; and that the body-cavity 
communicated with the exterior by a single hydropore in post. A, 
sometimes merged in the anal opening (as probably in Blastoidea). 
This system was not as yet completely affected by radiate sym- 
metry ; but in some forms it became so by the development of a 
similar canal with corresponding hydro- 
pore in each of the other interradii (Fig. 
X., compare Figs. XXXIV., XLVI., and 
OXIV.). 

The two subtentacular canals of each 
arm enter a division of the coelom that 
passes down the vertical axis through 
the coil of the gut, and is known as the 
"axial sinus." The dorsal coeliac canal uZ^!'''^ZA^^^:^^t 
passes into a division of the coelom that l"^'"'?***"'^^i??>f;i"Pil?S?«'"!y 

* 1*1.1. 1 1 Ludwig. 0, coelom ic space; c/, 

surrounds both axial sinus and gut, and connective tissue tlbres ; g, wall of 

11 1 .1 11 • • ^ .• 1 '^ » gilt; n, oircunioesophageal nerve ; 

IS called the " pen - intestinal cavity. Sc, ot^sopUagus ; y, pore ; r.c, nng 
The remainder of the coelom, surround- ^>»au«<.c, stone canai-.r.stereom 

ing the latter, is called the "subtegu- 

mentary cavity." All these divisions of the body -cavity are 
lined by endothelium, and are separated from each other, as 
well as penetrated, by connective tissue, in which spicules are 
often richly developed. From the peri -intestinal cavity, at its 
aboral end, there are in this way cut off five chambers, which 
surround the axial sinus, and are themselves covered on all sides 
by epithelium, containing ganglion -cells and nerve -fibres; the 
whole structure is called '* the chambered organ " (see Fig. XX. 
p. 24). 

The genital rachis of each arm is connected with a complex of 
twisted, fine canals,, called the '* axial organ " (see p. 23). This 
passes down the axial sinus, widening in the middle of its course, 
and then narrowing to a thin strand as it passes between the 
five chambers just mentioned. 

The axial nerve-cord of the arm does not, as all the organs yet 
dealt with, pass to the oral centre, but enters the ^bheca over 
the radial. If there is a separate axial canal, it may be continued 
through the radial facet into the substance of the thecal plates. 
The cords ultimately pass into the epithelial covering of the 
chambered organ, but their passage is not a direct one (Figs. XL 
and Xn.). Each cord is really a double structure, connected 
at intervals by chiasmas, and so soon as it enters the radial it 
divides into two branches, one of which proceeds to the basal on 
the right, the other to that on the left. In addition the branches 
are connected with each other and with those of the other radii by 
a series of commissures that form rings all round the cup. One 
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such ring is at the level of the radials. If the crinoid have a 
monocyclic base, the cords that pass to the basals join one another 
in a ring immediately surrounding the chambered organ, the 




I'Mi. XI. 

Conrne of axial iici-ve-cords in Isocrituis. Din^pramniatitied ftrom stKstions tignred by P. H. 
Caq)enter. ]i, bawil ; J{, radial ; or, axial or^nii ; c/i, five chambers of chambered organ ; nl, 
nerve-cord from li to Ji; ^2, cord paKsing down /; .• ti3, cord from B to radially placed lobes of 
chambered organ. 

lobes of which in this case correspond with the basals, i.e. are 
interradial. If the base be dicyclic, the ring forms a commissure 
at the level of the centres of the basals ; and from these points 




Fm. XII. 

Course of axial nerve-cords in Dicyclic (/J), Pseudomonocyclic (P), and Monocyclic (M) 
Grinoids. c.Of lobes of chambered organ, the connecting nervous sheath omitted for greater 
clearness ; r.c, ring commissure in radials ; other letters as usual. 

the cords again fork towards the adjacent infrabasals, where 
they join in another ring round the chambered organ, the lobes 
of which in this case correspond with the infrabasals, Le, are 
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radial. Nerves from these cords are given off to the stroma of 
the cup -plates. This system, as experimentally proved, chiefly 
by W. B. Carpenter (1876 and 1884), in opposition to the 
scientific opinion of his time, is a senso- motor nerve -system, 
governed from the nervous capsule of the chambered organ. 
By means of the commissures the motion of all muscles is cor- 
related. Primitively the cords lie on the inner surface of the 
cup; they then become bordered by ridges of stereom, and 
finally enclosed within the cup-walls. Branches from these nerves 
unite with the interradial nerves that proceed from the circum- 
oesophageal nerve-ring. 

To turn to the Stem. We have already traced its probable 
origin as an evagination of the many-plated theca of Amphoridea, 
and the gradual introduction of order into the irregular plates (p. 4 8). 
In the pentamerous Crinoidea, these naturally became subjected to 
pentamerism ; and evidence of many of the older crinoids shows that 
the plates were at first hexagonal and arranged in alternating circlets 



Fig. XIII. 

Evolution of Pontamorigm in the 
Stem. 1, jointsurface of a coluinnal com- 
posed of five sections, which alteniate 
with the an};Ie8 of the steni-huucn ; 2, 
portion of a stem composed ol' hexag- 
onal alternating plates, which in 3 be- 
come arranged more definitely in hori- 
zontal rows ; 4, continuance of the 
process results in columnals of five pen- 
tameres. The tignres are of Botryo- 
crinus stems (after Bather). 




of 5, just as plates of the theca (Fig. XIII.). The next stage was 
that in which the plates no longer alternated, but were arranged in 
horizontal rows divided by five longitudinal sutures. Finally, the 
pentameres of each row became fused to form a " columnal," still 
pierced by a wide lumen. This regularity was perhaps connected 
with the extension into the lumen of a vessel from each of the five 
lobes of the chambered organ, with its nerve-sheath (axial cord) ; 
the five cords surrounded a prolongation of the axial organ. In a 
monocyclic crinoid the axial cords would be interradial, as are the 
lobes of the chambered organ, while the pentameres would alternate 
with the basals and be radial. In a dicyclic crinoid the cords would 
be radial, the pentameres interradial. The exterior angles of the 
stem usually correspond with the pentameres, but not always. 
The cirri, or side-arms of the stem, correspond, for reasons that 
will appear presently, with the axial cords. The lumen of the 
stem is often split up into grooves by ingrowths of stereom ; and 
these grooves primarily contain the axial cords, and may even form 
closed canals containing the cords, but this correspondence is not 
inevitable. The so-called "law of Wachsmuth & Springer," 
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summarised in the annexed diagram (Fig. XIY.) and table, is in itself 
empirical, applicable only to pentagonal stems or lumens, and even 
then liable to exceptions (marked * in table) ; but by attending 



DICYCUC 




MONOCYCLIC 



Pio. XIV. 

Ck>mpArison of the Dicyclic and Monocyclic bue. B, bual ; Br^ bimchUlii nmrking the five 
rays ; a, cirri, only three oiit of the five are shown ; co, pentameres of column ; /£, infrabasal ; 
n, nerves going to cirri from extensions of capsule ; % radial ; t, satures between penta- 
meres of stem. 

(as is here done) chiefly to the relations of the axial cords, we shall 
have a surer guide for discrimination between monocyclic and 
dicyclic cnnoids in the many doubtful cases that occur. 





DiCTCUC. 


MONOCYCUC. 


BB [lobes of capsule in Monocyolica] . 


Interradial 


Interradial 


IBB [lobes of capsule in Dicyclica] . 


Radial 




Pentameres of stem {p) 


Interradial 


Radial 


* Outer angles of stem . 


Interradial 


Radial 


Vertical sutures of stem (a) 


Radial 


Interradial 


* Sides of stem .... 


Radial 


Interradial 


* Angles of lumen of stem 


Radial 


Interradial 


Cirri, when present (c) 


Radial 


Interradial 


[Axial cords] .... 


RadUl 


Interradial 



The primitive crinoid is attached by the distal end of its stem ; 
and it is supposed by many, from the evidence of the embryo 
Antedan (Fig. XV.), that there is developed at that point a special 
fixing plate, to which they apply the term " dorso-central," which 
must not be confused with "centro- dorsal" (see especially the 
writings of P. H. Carpenter). Palaeontology does not lead us to 
regard such a structure as primitive, or to ascribe to it any morpho- 
logical importance. As a rule, skeletal growth takes place at the 
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distal end of the stem after two main plans : (1) Deposition of 

solid, unjointed stereom, around the distal columnals, forming an 

encrusting plate or mass (Fig. CXIII. 2); this 

occurs on rocky bottoms. (2) Outgrowth of jointed 

branches from the plated end, forming "radical 

cirri," often with traces of polymeres like those of 

the primitive stem, often very long and branching 

again, and always with a lumen which contains 

an extension of the axial cord (Fig. CXVI.) ; this 

is adapted to a muddy bottom. The radical cirri 

arise from the vertical suture-lines of the stem, by 

the intercalation and outgrowth of small plates, of^iTi^i^JifiteLrt^w? 

and the extrusion of the axial cord (Fiff. XVI. 3). >Wa, after wyviiie- 

T .1 f 1 . . ^i_ • • J n Thomson, x 20 diam. 

In the course of race-history the cirri gradually ap- c^.tsucicuiarstereom 

pear higher and higher up the stem (Fig. XVI. 1), "'"' --- 

and at the same time become shorter, more mobile, 

and eventually arranged in whorls (Fig. XVI. 5). 

the axial cords of the stem swell out, forming a repetition of 

the chambered organ (Fig. XVI. 4). 

The columnals are rarely all of the same height ; certain con- 
spicuously larger ones, including those that bear cirri, are termed 



Pig. XV. 



of column ; (ic, ' ' dorse- 
central" ; e, ectoderm. 



At these levels 




Fio. XVI. 



Evolution of cirri. 1, part of stem of a Silurian crinoid witli large, branching cirri (Brit. 
If us. E1854). 2, section acrosH stem of a Carboniferous crinoid, sliowing branch fh)m axial 
canal to cimis (Brit. Muh. E6708). 8, root of liarycrinus, with cirri originating between 
pentameres (modified flroui Wachsmuth & Springer). 4, section across stem of IsocrinuH 
tVyvilU'TlioiHsoni at iRvel of cirrus-whorl, the central portions dispronortionutely enlarged 
for greater clearness. 5, part of stem of iMcrinw decortts, with cirri in whorls of tive. 



"nodals"; those between them " internodals " (Fig. XVII. 1). 
Nodals are the first columnals to be formed (luring growth ; 
intemodals are subsequently intercalated between them, and 
again fresh intemodals between the first formed intemodals, and 
so on. Fresh nodals are developed at the proximal end of the 
stem, so that in that region are more nodals, while distally are 
more intemodals (Fig. XVII. 2 and 3). In one type nodals are 
introduced immediately beneath the base of the cup, so that the 
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proximal columnal is always the youngest. In another type the 
proximal columnal is one of the first formed, and remains attached 
to the cup, new nodals being introduced below it (Fig. XVII. 
4-7). This proximal columnal is called articU basal by P. de 
Loriol, and " centro- dorsal " by others, erroneously. It is here 
called the proximale. 

The Connection between the Elements of the Crinoid Skeleton 
is primarily by means of the fibrils of the stroma in which they 
are deposited. This condition persists in the ** primitive suture," 
and from it development proceeds in the direction of either 
greater rigidity or greater flexibility. Towards rigidity we have : 
(1) "Close suture," in which the fibres are short, and their ends 
surrounded by denser layers of stereom on the apposed surfaces of 




Fiu. XVII. 

Tlie RelatioiiB of the Stem. 1, portion of stem of liastrocrinns jxitulus (modi Aed fh>m JaekelX 
the latest fonned columnals ore numbered i, the oldest 6 ; /> and bear cirri. 2, proximal, an<l 
3 distal, regions of stem of Isocrimis (ieconu (cf. 5 in Fig. CF.), »», no<lalK (ninditie<l from 1*. H. 
Carpenter). 4, proximal region of stem of OnifclincriHus (iiTtfv Waflisnnith A Springer), show- 
ing infrabasals (IB) fused to proximale (P). 5, proximale of AjniM't-inua elegmUf Defr., showing 
depressions for bli (Brit. Mus. E0711). 0, cup and inrt of st«mi of A. degnns, showing 
proximale and other enlargiMl columnals (based on Hrit. muh. KiiTO*.) and E6710). 7, iiortion of 
cnp and stem of Millcricrinns polydactyhis (njotlillod fhjm 1*. de Loriol), showing minute 
infrabasals attached to proximale, also new colunniala forming (i). 

the ossicles, which are thus closely and immovably fitted together, 
though separable by alkalies. (2) " ^yzygy," a special case of close 
suture between brachials or columnals (Fig. XVIII. 2, 3, and 4), 
in which the upper ossicle, "epizygal," bears a pinnule or cirri, 
as the case may be, and the lower one, " hypozygal," bears none. 
(3) " Anchylosis " or fusion, when two ossicles are immovably 
cemented by an unbroken deposit of stereom, which, however, 
is less solid than that of the plates themselves. Towards flexibility 
we have: (1) That form of "loose suture" in which the stroma- 
fibrils lie at right angles to the suture, and the stereom is thrown 
into corresponding folds (cf. pore -rhombs of cystids), or that form 
in which there is a slight facet, either smooth or striated (Fig. 
CXI. 3), or interlocking crenulations (Fig. XVIII. 1). (2) "Imper- 
forate articulation," in which there is a slight facet, or a toothed 
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articular surface (Fig. XVIII. 5) ; the fibrils are at first developed 
into elastic ligaments, and later into true muscles. (3) " Perforate 
articulation," in which there is a highly developed facet, with fulcral 
ridge, ligamentar depressions, and muscles innervated from an axial 
cord which perforates the ridge (Fig. XVIII. 6). 

In such a simple crinoid as that under discussion the cup-plates 
would be united by close suture; the tegminals, probably by 
primitive suture, or loose suture of the rhomb type ; the brachials, 
by imperforate articulation, perforate being a later development ; 
the columnald, by loose suture of the striate type. 

The Skeletal Elements of a crinoid may bo thus classified : 
" Primary Elements," the first to be developed in both ontogeny 
and phylogeny, divided into — "abactinal," developed on the 
light or aboral coelom, and directly innervated from the chambered 



Fu;. XVlll. 

Forms of Joint. 1, sutural mar- 
gin of cup -plate of MarnuinXt* 
(original). 2, biuchials from dorsal 
side, X 10. 8, ditto from ventral 
side, X ^. 4, distal face of llBr^i, 
a hypozygal, x V* (*'> S> i^»<l ^ a>^ 
of Antedon MfUia, after W. B. Car- 
penter.) 5, articular facet of mdial 
of Fiaocrinus oUula, x 8 (after 
Bather). 0, articular facet of radial 
of Jiathycriniis aldrichianiis, x 8 
(after P. H. (carpenter), ac, axial 
canal for nerve ; dl, dorsal liga- 
ment; /, fulcral ridge; il, inter- 
articular ligament ; ni/, muscle 
fossa; n, notch for axial nerve; 
p, pinnule; p', pinnule-fbcet ; », 

syzygy. 



organ, viz. columnals, cirrals, IBB, BB, RR, Br, and pinnulars 
(vide infra) ; " actinal," developed on the left or oral coelom, and 
connected with the various oral ring-systems, viz. A (orals) and 
ambulacrals (Chapter VIII., Fig. X.). "Secondary or Supple- 
mentary Elements," which may be intercalated between the primary 
pieces ; these have not yet been discussed ; they include " inter- 
brachials " (iBr), " interambulacrals " (iAmb), " interaxillaries " 
(iAx), some " anals," and a few others of no special importance. 

The terms "proximal" and "distal" are reckoned from the 
plane separating stem from crown, so that the infrabasals and top 
columnal are the proximal elements of crown and stem respec- 
tively. The actinal elements, however, start from the oral centre 
as proximal point. 

For orientation the Crinoid is placed in its natural position, 
mouth upwards, and is viewed from the anal side. The anal 
interradius is then posterior ; the radius opposite it is anterior ; 




no 



THE CR IN OWE A 



right and left correspond with the right and left of the observer. 
To preserve this orientation when the crown is viewed from above, 
the anal side must be nearest the observer (downwards in a 
figure); when viewed from below, the anal side must be away 
from the observer (upwards in a figure). Such is the rule followed 
in the drawiiigs illustrating this book, while in the various analyses 
the anterior radius is always placed on the right of the figure. 
Various modes of designating the radii have been attempted. To 
extend to the Crinoidea Lov6n's Echinoid numeration, is to postu- 
late an homology that is far from proven. The annexed table 
compares with other systems the symbols here used : — 



Orientation m above deecribed. 



Symbols here 



Anterior BadiuB 

Right Anterior InterradiuB 

Right Antero-lateral Radius 

Right Postero-lateral Interradius 

Right Posterior Radius 

Posterior Interradius 

Left Posterior Radius 

Left Postero-lateral Interradius 

Left Antero-lateral Radius 

Left Anterior Interradius .- 



ant R. 
r. ant IR. 
r. ant R. 
r. post. IR. 
r. post R. 
post IR. 
1. post R. 
1. post IR. 
1. ant R. 
1. ant IR. 




A 

A-B ^ 

B 

B-0 

C 

CD 



t^ 



D 

D-E 
E 
E-A J 



'I 



SQ 

•2 -22 
|gg 

IIL 
3 

IV. 
4 

V. 
6 
I. 
I 

IL 
2 



llil 
la"- 



ant 
1. ant 
1. ant -lat. , 
1. post-lat 
1. post 
post 
r. poet 
r. post-lat 
r. ant.-lat ^ 
r. ant 



We have now run through the chief characters of a normal 
crinoid of simple structure. Few are so simple as this, but 
various modillcations have occurred in the history of the dass, 
some perhaps only once, others at different geological periods in 
races of diverse origin. Some of these, especially when of im- 
portance for classification, must now be discussed. 

Some crinoids have a Dicyclic, others a Monocyclic Base (p. 
99). The value of this in classification is disputed. Among 
various early genera, placed by Wachsmuth & Springer in a 
single family (Reteocrinidae), some are with, some without infra- 
basals, having the angles of the stem-lumen respectively radial 
and interradial. But the yet simpler genera, from which presum- 
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ably these genera descended, probably differed in the same way ; 
and resemblances, undoubtedly of secondary nature, should not 
lead us to place together forms of diverse origin. The distinction to 
be drawn between monocyclic and dicyclic genera is more obvious 
in the simpler crinoids ; but here too there are parallel stages 
passed through — the monocyclic locriwvLS and HeUrocrinus (p. 145) 
correspond with the dicyclic Merocrinus and OUoAoaerinus (p. 178) 
respectively. Since the presence or absence of infrabasals is cor- 
related with the radial or interradial position of the lobes of the 
chambered organ, the derivation of one type from the other 
involves more change than the mere atrophy or appearance of 
certain plates. Hence monocyclic and dicyclic genera should not 
be placed in the same line of descent, unless this change can be 
proved : there is no reason why they should not have been inde- 
pendently evolved. The origin of Dicyclica from Monocyclica 
is, in fact, opposed by the available evidence; but MonocycUca 
may conceivably have been derived from Dicyclica in one of two 
ways, outlined in the next two paragraphs. 

There are, especially among the later crinoids, several genera 
known as " pseudomonocyclic," because though infrabasals are in- 
visible or absent, at all events in the adult, the evidence of the 
axial cords (e.g, in Bhizocrinus) of palaeontology (e.g. Apiocrinus 
and Pentaefinus\ or of embryology (e.g. ArUedon), demonstrates the 
existence of infrabasals aither in the young or in near ancestors. 
Discoveries of this nature have strengthened Wachsmuth & 
Springer's law by affording a rational explanation of apparent 
exceptions. But suppose secondary growth of stereom to occur 
in a pseudomonocyclic genus, converting the angles of the stem 
from interradial to radial, and the angles of the stem-lumen from 
radial to interradial. Then, if recent examples were known, the 
law, as emended above (p. 106), might be applied successfully ; 
but it would not tell the truth if only fossils were available, and 
the crinoid would pose as monocyclic. Such changes are actually 
observed in the growth of Antedon, while in Isocrinus, which other 
facts prove pseudomonocyclic (Fig. XI.), the angles of the stem- 
lumen in the proximal region are interradial, as if the genus were 
truly monocyclic, though the downward prolongations of the 
chambered organ are radial. In Glyptocrinus Forn^Mi the angles 
of both stem and axial canal are radial; since there are actually. 
no infrabasals, we may suppose secondary ingrowth of stereom, 
and this is confirmed by S. A. Miller's description of the columnals 
(1874). 

The changes just described leave the essential distinction 
between monocyclic and dicyclic genera untouched (as shown in 
Fig. XII.); and among the earliest crinoids there is little evidence 
of pseudomonocyclic forms. There is, however, a possibility that 
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the change from Dicyclic to Monocyclic may have taken place, 
not by compression and atrophy, but by torsion and fusion. Many 
monocyclic genera of Ordovician and Silurian age have some 
radials (usually r. post., r. ant., and 1. ant. RR) transversely bisected ; 
the upper part is called "super-radial" (Rs); the lower part, 
" inferradial " (Ri), (see Fig. LVIII.). Now, in some dicyclic 
genera (e.g. OttawacrintLSy Fig. XCVL), perhaps in consequence 
of the introduction of fresh plates in the anal interradius, the 
radials are shifted to right and left so as to lie almost vertically 
above the basals. The suggestion then is that the inferradials and 
basals of Monocyclica represent basals and infrabasals respectively 
of Dicyclica. If then the R^ and Ri fuse, a truly monocyclic type 
is produced with one circlet of BB and one of RR. One obvious 
objection to this theory is the presence in many Dicyclica of a 
plate (the radianal, RA), which is now generally regarded as a 
slightly modified inferradial (r. post. Kt), (Fig. XXVI.). Other 
objections to this and similar views, based by P. H. Carpenter 
(1878) on alleged homologies with the apical system of Echinoidea, 
have, it is true, been somewhat discredited by modern embryological 
and palaeontological research. Nevertheless, for the present the 
gulf between Monocyclica vera and Dicyclica is unbridged, and 
must be recognised in classification. 

The dorsal cup of a simple crinoid consists of two or three 
circlets, but there is often a tendency for the proximal brachials to 
be so joined to the radials and to one another as to form part of 
the cup (Fig. XIX.). There is, however, a supposed 
morphological distinction between these "fixed 
brachials " (Br) and the radials : the latter are de- 
veloped in the Antedon larva as expanded sieve- 
like films; but all brachials begin as "imperfect 
rings, which soon become filled up with lengthening 
fasciculated tissue" (P. H. Carpenter, 1884; see Fig. 
XIX.). In a form where many brachials enter the 
dorsal cup, it is convenient to have a common tern 
Fio. XIX. ^or the primitive elements of the cup (IBB, BB, 
J2, radial, crib- ^^) * ^ome Call them the " apical system," postu- 
riform stereom; lating a homologv with the plates so called in 

IDr^ primibrach, _, , .° . , , °f, .. • i i « 

fasciculate ste- Echinoidca ; the old term pahna is shorter and safer. 
S^°M/i<fa, X ^75! To understand the extension of the cup beyond 
maa^ on fllg^ *^® patina, it is necessary first to study the Arms 
penter.) or Brochia (Fig. XX.). These are rarely single. 

The first step in advance is a bifurcation, con- 
stantly repeated in a regular manner (regular dichotomy or 
isotomy). Modifications of this occur through the suppression 
of a bifurcation at definite points (irregular dichotomy or hetero- 
tomy). In each half of the arm, the first branch on the right, 
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then the first on the left, and so on, may be smaller than the other 
branch. Thus there arises a main trunk giving off smaller branches 




Specialisation of ann-branchlng. 1, a non-piuiiulate, regularly dicliotomotis arm (isotomouN) ; 
2, a less regular dichotomous arm, a type commou in Cyathocrinoidea ; 3, 4, two stages in 
the evolution of unilateral heterotomy ; 5, G, 7, three stages in the evolution of bilateral 
heterotouiy, culminating in pinnulation. For other types, see Fig. CX. 

right and left alternately. These smaller branches may themselves 
undergo a similar process, and so form armlets (ramtUi) borne by 
the main arm -branch 
(ramus). When the 
ramules cease to branch 
themselves, and are reg- 
ularly placed on alter- 
nate sides of successive 
brachials of the main 
branch, they are called 
pinntUae, and the arm is 
" pinnulate." This pro- 
cess of evolution has 
been phylogenetically 
traced in Botryocrinus 
(Fig. XXL), while the 
primitively dichotomous 
origin of the pinnules 
may be seen in the 
developing Antedon, 
The pinnule, as P. H. 
Carpenter said, is an 
arm in miniature; it 
differs in nothing but 

, , ^^ wnMiuiicvi, Aiiu «i^ uiuiusb iut$uiariy uisp<JHOu. J 11 x». pin- 

position from the small nviatu$ the ramult have become regular unbranched pin- 
*^ -i t_ « r • 1 nules. (After Bather, 1801.) 





Fio. XXI. 



Evolution of pinnules in BotryocHn.'us. 1, B. ramosus, 
a species in which each arm has two rami bearing branched 
ramuli ; 2, B. decadadylw, a species in which the two rami 
bear ramuli, of which all except the proximal one are un. 
branched, and are almost regularly disposed. In B. pin- 



end-branches of a simple 
dichotomous arm; but, in a pinnulate arm, 
the ramus by the restriction to it of the 

8 



it differs from 
fertile portions 
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such ring is at the level of the radials. If the crinoid have a 
monocyclic base, the cords that pass to the basals join one another 
in a ring immediately surrounding the chambered organ, the 




Fn!. XI. 

Courne of nxinl luu-ve-cords in Uocrinus. DinfpmmmAti»ed from st^ctions figured by P. H. 
Gaipenter. li, ba»il ; 7^ radial ; ax, axial organ ; cA, live chambers of chambered organ ; nl, 
ner%'e-cord from R to Ji ; nl, cord paHsing down 11 .- ti3, cord from B to ra<lially placed lobes of 
chambered organ. 

lobes of which in this case correspond with the basals, i.e. are 
interradial. If the base be dicyclic, the ring forms a commissure 
at the level of the centres of the basals ; and from these points 




Fio. XII. 

Course of axial nerve-cords in Dicyclic (/J), Pseudomonocyclic (P), and Monocyclic (10 
Crinoids. co^ lobes of chambered organ, the connecting nervous sheath omitted for greater 
clearness ; r.c, ring commissure in radials ; other letters as usual. 

the cords again fork towards the adjacent infrabasals, where 
they join in another ring round the chambered organ, the lobes 
of which in this case correspond with the infrabasals, Le, are 
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radial. Nerves from these cords are given off to the stroma of 
the cup- plates. This system, as experimentally proved, chiefly 
by W. B. Carpenter (1876 and 1884), in opposition to the 
scientific opinion of his time, is a senso- motor nerve -system, 
governed from the nervous capsule of the chambered organ. 
By means of the commissures the motion of all muscles is cor- 
related. Primitively the cords lie on the inner surface of the 
cup; they then become bordered by ridges of stereom, and 
finally enclosed within the cup-walls. Branches from these nerves 
unite with the interradial nerves that proceed from the circum- 
oesophageal nerve-ring. 

To turn to the Stem. We have already traced its probable 
origin as an evagination of the many-plated theca of Amphoridea, 
and the gradual introduction of order into the irregular plates (p.48). 
In the pentamerous Crinoidea, these naturally became subjected to 
pentamerism ; and evidence of many of the older crinoids shows that 
the plates were at first hexagonal and arranged in alternating circlets 



Fig. XIII. 

Evolution of Pentamorism in the 
Stem. I, joint surface of a columnal com- 
posed of tive sections, wliicli alternate 
with the angles of the stem-lumen ; 2, 
portion of a stem comjiosed of liexag- 
onal alteniating plat&s, which in 3 be- 
come arranged more definitely in hori- 
zontal rows; 4, continuance of the 
process results in columnals of five pen- 
tameres. The figures are of Botryo- 
crinus stems (after Bather). 




of 5, just as plates of the theca (Fig. XIII.). The next stage was 
that in which the plates no longer alternated, but were arranged in 
horizontal rows divided by five longitudinal sutures. Finally, the 
pentameres of each row became fused to form a " columnal," still 
pierced by a wide lumen. This regularity was perhaps connected 
with the extension into the lumen of a vessel from each of the five 
lobes of the chambered organ, with its nerve-sheath (axial cord) ; 
the five cords surrounded a prolongation of the axial organ. In a 
monocyclic crinoid the axial cords would be interradial, as are the 
lobes of the chambered organ, while the pentameres would alternate 
with the basals and be radial. In a dicyclic crinoid the cords would 
be radial, the pentameres interradial. The exterior angles of the 
stem usually correspond with the pentameres, but not always. 
The cirri, or side-arms of the stem, correspond, for reasons that 
will appear presently, with the axial cords. The lumen of the 
stem is often split up into grooves by ingrowths of stereom ; and 
these grooves primarily contain the axial cords, and may even form 
closed canals containing the cords, but this correspondence is not 
inevitable. The so-called "law of Wachsmuth & Springer," 
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Fio. XXII. 

Evolution from uniserial, throtigli zigzag, 
to biserial brachials. 



of food. The axial cords and ventral groove at first swing from 
side to side ; but this would be almost impossible in biserial arms, 
80 here a common straight ventral groove is formed, and the axial 
cord lies at the bottom of it. The change from uniserial to 

biserial, just as the evolution 
of pinnules, begins in both 
ontogeny and phylogeny at 
the growing tip of the arm, 
and proceeds gradually proxi- 
malwards (Fig. XXII.). 

Still further develop- 
ment occurs in the Camer- 
ata. The adjacent right and 
left ossicles of a biserial arm 
may fuse, so as to form a compound brachial, and this necessarily 
bears two pinnules, one on either side. Further than this, it appears 
as though two or more compound brachials could fuse, and so form 
a triply compound ossicle bearing two or three pinnules on either 
side. At the same time, the pinnulars themselves may come to lie 
in zigzag or biserial fashion, in the same way as do the ossicles of 
so many cystid brachioles. It is this structure that influenced 
Jaekel in his distinction between "pinnulae" and "ramuli" {pifra) ; 
but the facts are explicable as the final stage in a regular 
evolution (Fig. LXXIX.). 

Fusion of brachials either laterally, or in vertical series, or both, 
may occur in any crinoid race in which it proves advantageous. 
In some Gissocrini the IIBr, and possibly IIIBr, of each arm were 
laterally united by suture ; in Crotalocrinus (Fig. XCII.) all brachials 
of an arm are suturally united by projections at the distal margin 
of each brachial ; in Fetalocrinus (Fig. XCI.) all brachials of an arm 
except IBr are fused into a single petaloid plate. Compare also 
Melocrinus (Fig. LXXIV.) and Eudadocrinus (Fig. LXXI. 4). 

Brachials primitively, and pinnulars nearly always, are 
united by loose suture (compare Fig. XVIII.). The next stage is 
imperforate articulation. In the final stage, perforate articulation 
(Fig. XXIII. 1), there is a well-marked transverse fulcral ridge, 
pierced by the axial canal ; the ventral groove comes nearly up to 
the ridge at this point. On each side of the ventral groove, and 
often separated by a slight vertical, Le, dorso-ventral, ridge run- 
ning down to the axial canal, are two depressions, /ossa« / the ventral 
pair lodges muscle fibres (^'muscular fossae"); and the doisal 
pair, interarticular ligament ("ligament«r fossae"). Dorsad of 
the fulcrum is a deep ''dorsal fossa," lodging elastic ligament. 
This type may be modified by the disappearance of the ventral 
muscles, the increase of the interarticular ligaments and their 
fossae, and of the vertical ridge separating them, which now 
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passes dorsad of the axial canal, and the concentration of the 
dorsal ligament in a pit at the end of the vertical ridge (Fig. 
XXIII. 2). This is called "trifascial articulation." Further 
increase of the ligamentar fossae and of the vertical ridge, 
with the disappearance of the dorsal fossa, produces the 
" bifascial articulation," adapted only for lateral movement (Fig. 
XXIII. 3). These forms of articulation may be bilaterally 
symtaetrical, but in pinnuliferous brachials the fulcral ridge is 
skewed, so that on the distal joint-surface the end of the ridge 
towards the pinnule is moved dorsalwards. 

The syzygy (J. Muller, 1841; P. H. Carpenter, 1884; 
Bather, 1896) is an immovable sutural union between two brachials 
of a pinnulate arm, accompanied with loss of the pinnule on the 




^-^ 
# 



Fio. XXIII. 



Arm-joints. 1, brachial of Tsocrinm nsteria, &TtPT Joh. Miiller. 2, distal faco of IBri of 
Ilntkyi'nnus AlJHthUtnus (cf. in Fig. XVIII.), x 8 diam. 8, the same in Isocrintu JUaktit x 3h 
diani. 4, Ryzygy of Uhizncrimia Rawaoni — a, epizygal from its under surface ; 6, hypozygal 
from itrt upper surfuce, x 7i diam. 5, ayzygy of Jsocrinus Ktofcei— a, upper surface of hypozygal ; 
h, c])i/.y){2il ; and c, hypozygal in their relative positions, seen from side, x 8^ diam. (3-5 are 
after P. H. Carpenter.) 

w, axial canal ; dl, dorsal ligament fossa ; il, interarticular ligament fossa ; mf, muiclfl 
Toatui ; j/, facet for pinnule ; vg, ventral groove. 

hypozygal (compare Fig. XVIII.). Immobility may be effected 
in various ways. The apposed faces may be smooth (some 
Pentacrinids), striated (Uinfacrinus, most Antedonidae), or dotted 
(some Actinmmtrae) ; in llhizocrinus a peg projects from the dorsal 
region of the epizygal into a pit in the hypozygal (Fig. XXIII. 4), 
and in some Pentacrinids a dorso-ventral ridge on the epizygal 
fits into the hypozygal (Fig. XXIII. 5). The former type of 
syzygy facilitates fracture along the suture, and is specially 
developed in locomotive forms liable to entangle their arms. 
The latter type appears different in origin and function. 

We now return to the extension of the Dorsal Cup. This may 
be effected, as in Ichthyocrinus (Fig, CVIIL), by the direct lateral 
union of the proximal brachials. At the same time, the proximal 
ambulacrals enter the tegmen, so that the thecal cavity stretches out 
further between the actinal and abactinal elements. In many living 
crinoids the proximal brachials are united by a flexible integument 
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proximal columnal is always the youngest. In another type the 
proximal columnal is one of the first formed, and remains attached 
to the cup, new nodals being introduced below it (Fig. XVII. 
4-7). This proximal columnal is called article basal by P. de 
Loriol, and " centro- dorsal " by others, erroneously. It is here 
called the proximale. 

The Connection between the Elements of the Crinoid Skeleton 
is primarily by means of the fibrils of the stroma in which they 
are deposited. This condition persists in the " primitive suture," 
and from it development proceeds in the direction of either 
greater rigidity or greater flexibility. Towards rigidity we have : 
(1) "Close suture," in which the fibres are short, and their ends 
surrounded by denser layers of stereom on the apposed surfaces of 




Fi.i. xvn. 



The Relations of the Stem. 1, ])ortion of stem of tiastrocrinns jxitulus (mwlified ftt)m JaekelX 
the latest formed coluninals are numbered 1, the oldest 6 ; /i and bear cirri. 2, proximal, ami 
3 distal, regions of stem of laocrinus ilKonis (cf. 5 in Fig. CI.), /», no<lals (modified from P. H. 
Carpenter). 4, proximal region of stem of 0H//«.7tf)cr//»M« (after W'arlianiuth A Springer), show- 
ing infrabasals (IB) fused to proximale (F). 6, proximale of Ajnifrinii:* degmu, Defr., .showing 
depressions for Uli (Brit. Mus. E(571l). G, cup and mrt of st«».m of ^I. clrgans, siiowing 
proximale and other enlarged columnals (based ou Brit. .Mus. K«)70t» and E6710). 7, jwrtion of 
cup and stem of Millcricnntts polyilactylns (moiUlieil Trom V. de Loriol), showing minute 
infrabasals attached to proximale, also new colunuials forming (1). 

the ossicles, which are thus closely and immovably fitted together, 
though separable by alkalies. (2) " Syzygy," a special case of close 
suture between brachials or columnals (Fig. XVIII. 2, 3, and 4), 
in which the upper ossicle, "epizygal," bears a pinnule or cirri, 
as the case may be, and the lower one, " hypozygal," bears none. 
(3) " Anchylosis " or fusion, when two ossicles are immovably 
cemented by an unbroken deposit of stereom, which, however, 
is less solid than that of the plates themselves. Towards flexibility 
we have: (1) That form of "loose suture" in which the stroma- 
fibrils lie at right angles to the suture, and the stereom is thrown 
into corresponding folds (cf. pore -rhombs of cystids), or that form 
in which there is a slight facet, either smooth or striated (Fig. 
CXI. 3), or interlocking crenulations (Fig. XVIII. 1). (2) " Imper- 
forate articulation," in which there is a slight facet, or a toothed 
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articular surface (Fig. XVIII. 5) ; the fibrils are at first developed 
into elastic ligaments, and later into true muscles. (3) " Perforate 
articulation," in which there is a highly developed facet, with fulcral 
ridge, ligamentar depressions, and muscles innervated from an axial 
cord which perforates the ridge (Fig. XVIII. 6). 

In such a simple crinoid as that under discussion the cup-plates 
would be united by close suture; the tegminals, probably by 
primitive suture, or loose suture of the rhomb type ; the brachials, 
by imperforate articulation, perforate being a later development ; 
the columnald, by loose suture of the striate type. 

The Skeletal Elements of a crinoid may bo thus classified : 
** Primary Elements," the first to be developed in both ontogeny 
and phylogeny, divided into — "abactinal," developed on the 
right or aboral coelom, and directly innervated from the chambered 



Fu;. XVlll. 

Forms of Joint. 1, sutural mar- 
gin of cup -plate of hlwnuinXt* 
(original). 2, bi-acliials fVom dorsal 
side, X 10. 8, ditto from ventral 
side, X ^, 4, distal face of lIBr^, 
a hypozygal, x V* (*'> S> ^'^^'^ ^ ^re 
of Antedon bifida, after W. B. Car- 
penter.) 5, articular facet of radial 
of Fisocrinus oUula, x 8 (after 
Bather). 0, articular facet of radia I 
of JkUhycriniis aUlrichianiis, x S 
(after P. H. Carpenter), ac, axial 
canal for nerve; dl, dorsal liga- 
ment; /, fulcral ridge; il, inter- 
articular ligament ; mf, muscle 
fossa ; n, notch for axial nerve ; 
p, pinnule; p', pinnule-focet ; », 
syzygy. 



organ, viz. columnals, cirrals, IBB, BB, RR, Br, and pinnulars 
(vide infra) ; " actinal," developed on the left or oral coelom, and 
connected with the various oral ring-systems, viz. A (orals) and 
ambulacrals (Chapter VIII., Fig. X.). "Secondary or Supple- 
mentary Elements," which may be intercalated between the primary 
pieces ; these have not yet been discussed ; they include " inter- 
brachials " (iBr), " interambulacrals " (iAmb), " interaxillaries " 
(iAx), some " anals," and a few others of no special importance. 

The terms "proximal" and "distal" are reckoned from the 
plane separating stem from crown, so that the iiifrabasals and top 
columnal are the proximal elements of crown and stem respec- 
tively. The actinal elements, however, start from the oral centre 
as proximal point. 

For orientation the Crinoid is placed in its natural position, 
mouth upwards, and is viewed from the anal side. The anal 
interradius is then posterior ; the radius opposite it is anterior ; 
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between r. post. K and this proximal plate differs from that between 
r. post. R & IBrj only in size (Fig. XXVIII.) ; in locrinus the 
ventral groove of the median series coalesces in r. post. R with the 
ventral groove of right posterior arm; this, and other evidence 
from Heterocrinidae, shows that the median anal series was in- 
nervated from the axial cord of r. post. R. The only argument 




4. Scaphiocrinvs deyans. 



Cy<ithocnnm longimajiua, 
anal area. 

Fio. XXVI. 



6. Parisovrin'M. 



Diagrams of the anal area in various luadtuiate Crinoids. (From Bather, after WachsniiitU 
& Springer, Hall, and Angelin.) 

against the view, is the improbability of a change of function in 
the ramus ; still the view is not proven. 

A distinct question is whether the anal x, which frequently 
occurs in the posterior interradius of the cup, is a secondary 
element suddenly introduced, as are the anals of Camerata, or 
whether it is the proximal median plate of the tube (as in loainuSj 
Heterocrinidae, etc.), that has gradually sunk down into the cup. 
Wachsnmth & Springer hold the former view, believing that 
X is homologous with the strictly interradial anal of Camerata, 
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and that the proximal median plate of locrinvs and Heterocrinidae 
(which they call t) is represented in genera with a special anal x 
by a tube-plate (rt) on the left shoulder of r. post. R (Fig. XXVI. 
2-6) ; they assert that " in the earlier and simpler forms, the tube 
consists of only five [vertical] series, one to each interradius, that 
of the anal side resting upon L Later on, as the tube grew larger, 
a new row of plates was introduced with plate x supporting it. 
When there are three series [at the posterior side], as in Dendro- 
crinus, the third generally rests upon one side of the left posterior 
radial. The arrangement of the plates within the rows is so 
regular, that if a sinking of the plate t had taken place, it would 
certainly be indicated by some disturbance among the lower plates 
in the tube." In this sentence the proximal median plate t (our x) 




Fig. XX VII. 

Anal area of Hctrro- 
rrinus isodactylus, 
Hhowing close connec- 
tion of anal (x) with 
right poHterior super- 
nnJial (r.p.li). En- 
larged. (From Bather.) 




Via. XXVIII. 



locrinvs, showing connection of anals and brachials. 1, 
I)art of the r. posterior ray seen from insi<le the cup ; 2, 
upi»er articular snrface of JU ; the groove on the left goes to 
X, that on the right to brachials ; 8, left upper articular 
surface of lis, supporting x; 4, right upper articular sur- 
face of liif, supporting /Brj. Enlarged. (From Bather.) 



of Heterocrinus is identified with rt of Dendrocrinus ; but no proof 
has yet been given that the added series may not be those starting 
from rt and It^ rather than from x and //. On the other hand, the 
view that the series x is homologous with the series <, is supported 
by the general size and appearance of the two, and by the inferred 
relations of the axial cords. And the homology of x with t is 
supported by the facts that the position of t with reference to r. 
post. Rs, does vary from a higher to a lower level in early genera, 
while the position of x to the adjacent radials likewise varies. 
In late Carboniferous genera of Dicyclic Inadunata, x certainly 
appears to pass up out of the cup (Fig. XXIX.), and this inter- 
pretation is confirmed by the migration of the anal in the develop- 
ment of Antedoii, which anal is universally homologised with x 
(Fig. XXX.) ; but if a plate can pass up, it can also pass down, as 
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is further proved by the phylogeny of the Calceocrinidae. The 
fact that X is wholly or partly in the cup, and t partly or wholly 
outside, does not make them different morphological elements ; for 
there is now admitted to be no difference between interambulacrals 
and interbrachials, or between fixed and free brachials. Con- 
sequently in this work the symbol x will always be applied to the 




Upward pAMsage of anal (x) in UUxrinut. 1, anal ai'Aa of " t^ocri«tt«" lUairi; 2, posterior 
view of U. ISuttn; 3 and 4, U. KanaouensU, th« cup finoni posterior and from above, x j. 
(From Bather, after Miller & Gurley.) 

proximal plate of the median line of the anal tube, whatever its 
position. 

Modification of the cup is not confined to the fixed brachials 
and interbrachials, but also affects the patina. We have discussed 
the disappearance of IBB. We have also to note a tendency to 
fusion in the plates of the proximal circlet, whether IBB or BB, 
and their change of shape due to the introduction of anals into the 
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f^^^ 
T 





Fig. XXX. 

Migration of the anal in Antedon. (After W. B. Carpenter and M. Sars.) Originating 
between AA, the plate x gradually moves npwards, eventually atrophyhig till only two small 
fragments remain at the bane of the anal tube (t). The dotted lines in 1 show the coarse of the 
gut. Tliese flgures also show change in shape of RK, and atrophy of orals (0). 

patina. The first stage is the fusion of one pair, producing 1 
large and 3 small plates (Fig. XXXI. 2). This is almost entirely 
restricted to monocyclic genera, where the plates that fuse are the 
right and left anterior basals. Next comes the fusion of two pair, 
producing 1 small and 2 large plates (Fig. XXXI. 3). This occurs 
in both Mono- and Di-cyclica. In the former the small plate is 
the left anterior basal, or rarely left posterior basal; whereas 
in Eublastoidea it is the right anterior basal (Fig. XXXI. 4). 
In Dicyclica three infrabasals have been observed only among 
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Inadunata and Flexibilia; in the former group the small plate 
is often, but not always, the anterior infrabasal (Fig. XXXI. 7) ; 
in the latter it is (apnd W. and Sp.) always the right posterior 
infrabasal (Fig. XXXI. 8). A bipartite base is formed only in a 
few Monocyclica ; the two plates lie on the right and left sides of 
the cup (Fig. XXXI. 9). Finally, all plates of the proximal circlet 
may fuse into a solid ring, both in Mono- and Di-cyclica. The 
infrabasaltt miay fuse with the proximal columnal in Flexibilia, 
thus forming a pseudomonocyclic type. The basals ma}' be over- 
grown by, and incorporated with, the radials, as in Euffeniacrimis, 
The symmetry of the base is modified by the presence of anals. 
An anal resting on the basal circlet causes one of the basals to 
double in width, so that the base becomes hexagonal instead of 
pentagonal. Thus the quadripartite base comes to consist of a 



Fio. XXXI. 

Bases and their modiflcatfons. 1-0 
and 9, inouocyclio ; 7 and 8, dicydic ; 
1-4, pentagonal, unaffected by anal ; 
5, 6, 9, hexagonal, affected by anal. 
In all the anal side is nppennont, and 
the plates are numbered on JaelcArH 
plan (see table, p. 110) ; the imagin- 
ary additional piece is marked -f-. 
1, 5 BJi ; 2, 4 HJi ; 3, 8 JUs, Crinoid 
type; 4, S HIi, Blastoid type; 5, 
4Lb; 6,3BB; 7, 3 JBB^ as usual in 
Dkydica inadunata; 8, 3 IBB^ an 
nsual in Flaabilia impinnata: 9, 
2 BB. (Adapted from Wachsmuth ii 
Springer.) 



posterior and anterior large plate, and two small lateral plates (Fig. 
XXXI. 5). These tend to approximate in size. In Xeiwciiims 
(Fig. LXXYIII.), interbrachials as well as anals come down betw^een 
the radials, so that the basals are nearly equal in size, but irregular 
in shape, and make the base decagonal. Removal of anals and 
interbrachials from the radial circlet leaves a pentagonal quadri- 
partite base, such as is found in Melocrinidae (p. 161). An anal 
resting on a tripartite base is accompanied by increased width in 
the small left anterior basal (Fig. XXXI. 6). But in the bipartite 
base the small basal fuses with the combined posterior and left 
posterior basals, while the combined right-hand basals increase in 
width (Fig. XXXI. 9). In most Dicyclica the infrabasals do not 
assume a hexagonal outline; for the anals do not occur in the 
basal circlet, but x truncates the upper surface of the posterior 
basal. Exceptions are Sagenociinus, Carahocrinus (Fig. LXXXIV.), 
Stro'phocrinuSy and Theiuirocnnus (Fig. XCVI.). 
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The enlargement of anal structures was not the only factor in 
the modification of the typical pentamerism. Allusion need not 
be made to the (apparently sudden) dropping of a radius to 
form Tetracrinus (p. 153), or the duplication of the radii to form 
Fromaclwcrinus (p, 195), and similar cases. Nor need more be 
said as to the enlargement of certain radii (e.g. Fisociinus), the 
bisection of others (e.g. Heterocrinus), and so forth, since in these 
cases the outwardly symmetrical appearance of the cup usually 
remained unaltered. But certain factors, probably of physical 
environment, such as currents and direction of food-supply, or 
possibly connected with locomotion, have at different times pro- 
duced similar results in different families. A bending over of the 
cup, accompanied by diminution of certain radials, was common 
in Eugeniacrinidae, as well shown by Jaekel (1891). In the 
remarkable Calceocrinidae the crown was bent towards the right 
posterior interradius, and far-reaching changes brought about in 
both cup and arms (p. 148). Even in an unattached species, 
apparently of Agassizocrinus, similar growth of one side took place 

at the expense of the other. These 
cases are comparable to the irregu- 
lar Eublastoids. 

Concomitant with modifications 
in the dorsal cup were modifica- 
tions in the-'Tegmen. Just as 
brachials entered the cup, so their 
covering-plates (Amb) entered the 
tegmen, prolonging the food- 
grooves over its surface. And cor- 
responding to interbrachials in the 
cup, there arose interambulacrals 
(iAmb) in the tegmen (Fig. 
XXXII.). 

Other changes that took place 
are difficult to describe without 
raising the question of the lomo- 
logy of the plates covering the 
mouth. In Aniedon five inter- 
radial plates (O) are developed 
before the radials and at the same time as the basals, upon which 
they rest (Fig. XXXIII. 1). Between these two circlets appear 
the radials, upon the shoulders of which the five adoral interradials 
then rest (Fig. XXXIII. 2), forming a pyramid closed over the 
oral centre, but soon opening at the apex to expose the entrance 
to the mouth (tentacular vestibule). The posterior of these plates 
surrounds the hydropore. At a more advanced stage they become 
separated from the radials by ambulacrals and interambulacrals 




Fig. XXXII. 



, sliow- 



Teguien of MarsipocrinuH rotliati 
ing incorporation of Ainh, anibiilacnils, with 
iAinh, iiiterainbulacrals, between them ; 
an, marks anal iuteira<lius, with its larger 
interambulacrals. (After Lil.jevall in 
Wachsmuth k Springer, 1SI>7.) x jj. 
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(Fig. XXXIIL 5), and finally, in most species of ArUedoriy are 
resorbed (cf. Fig. XXX. 4). These plates are called orcUia (0). 
Their prominence in early stages shows them to be primary 
elements of the theca, probably well developed in the adult of 




Fig. XXXIII. 

Development of orals in Antedon. 1 (after Bury), IB still visible, no RR yet formed. 2 
(after Allman), closed ; between them and BB are the developing RR, 3 (after Allman), open, 
exposing oral tentacles ; no amis yet exist. 4 (after W. B. Carpenter), now separated from 
BB by HR, which support arras. 5 (after W. B. Carpenter), anns cut oft" above flrst brachial so 
as to show 0, which now surround tlte mouth ; the shaded portion represents integument, in 
which ambulacrals and interambulacrals are developed. 

Note also gradual decrease in size of BB. A further stage in oral history is seen in Fig. 
XXX. 4, which is from anotlier species. 

primitive forms. Five triangular plates that cover the mouth in 
the recent Holopus, HyocrinuSy Bhizocrinus, and ThaumaiocrinuSy 
are by all writers homologised with orals (Fig. XXXIV.). In 
all Antedonidae, Baihycrinus, and CalamocrinuSy they are almost 



Amb 



iAmb 




Fio. XXXIV. 

Tegmen of Hdopus. The arms 
are removed from the side nearest 
the observer, showing the articu- 
lar surfaces of R, the radials, 
which are fused together. Amb, 
aiubiilacrals, which pass down the 
brachials to the tegmen and a little 
way up between the orals ; iAmb, 
interambulacrals, partly separat- 
ing brachials Arom orals ; 0, five 
perforate orals; Rp, processes of 
fused i2/2. (After P. H. Carpenter, 
1888.) X {. 



Fia. XXXV. 

Tegmen of Haplo- 
crinv^ m^pilifonnis. 
Br, firat brachial; 0, 
oral; p, pore in post. 
O; R, radial. (After 
Wachsmuth & Sprin- 
ger, 1888.) X 6. 



Fio. XXXVI. 

Tegmen of Uyhocrinus coni- 
CMS. Small irregular ambula- 
crals overlie the apposed edges 
of 0, the orals, which ore 
shaded. Post. has a hydro- 
pore, and is therefore a mad re - 
ponte, M. As, anus, lies be- 
tween this and x, the anul 
plate of the cup. R, radials, 
with arm -facets shaded, and 
nerve channel black. (Based 
partly on MS. drawings by W. 
K. Billings. Natural size.) 



or entirely resorbed in the adult. The ambulacra pass to the 
mouth between or below the orals. 

In HyhocrinuSy HaplpcrinuSy Carahocrinus^ and other primitive 
genera are five interradial plates precisely resembling the orals of 
the larval Antedon in shape and position (Figs. XXXV., XXXVL). 
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The generally accepted view that these are orals is confirmed by 
the frequent presence of a pore or pores in the posterior one, as in 
larval Antedon and adult Hyocrinus^ and by the situation of the 
anus between this plate and the adjacent RR ; in Haplocrinus the 
pore and the anus appear to be combined near the oral end of this 
plate. These plates have in preceding pages been spoken of as del- 
toids (A). They meet close around the mouth like the A of many 
Blastoidsy and in Hyhocrinus and Carabocrinus they show traces of 
hydrospires of Codaster type. On the other hand, they are 
homologised, and justly so, with five similar plates that occur in 
CoccocrinnSy St/mbatJtoctinn^ Pisocnnus^ Allagecrinus, Myrtillocrinus^ 

some Platycriniy and the specimen of 
Taxocrinus intermedins (Fig. XXXVII.) 
described by Wachsmuth & Springer 
(Nov. 1888). In most of these 
genera the orals (or A) cover the 
mouth, and the food -grooves pass in 
under them; but in Taxocrinus the 
mouth is open, and the grooves with 
ambulacrals pass between the orals; 
m. ^^^ u while in Hyhocrinus and Carabocrinus 
ilAfnb,- (jxr^ ^ttAmb ^^^ ambulacrals rest on the edges of 
Fig. XXXVII. the apposed orals, showing that the 

Tegmcn of Tnxocrimta intermefJiM. grOOVCS WCrC actually aboVO thoSO 
A, anal ndge ; Jir, edges of brachialH ; ^, . '' 

xAniJb, illAvib, illlAnO), iuterainbiila- piatCS. 

r'n?: l^.TAi'lui^^ce^'llZi From this primitive Palaeozoic type, 
s\rin*t?S*) ^-^^^^"^ ^*<^*""»"*^' * three lines of evolution start: (1) 

Ambulacra pass over the edges of the 
orals, while ambulacrals and sometimes interambulacrals gradually 
cover the orals, which seem thus to sink below the surface and to 
diminish in size ; the posterior oral, however, usually remains large 
and is pierced by hydropores, while the increased size of the anal tube 
pushes it more towards the oral centre (e.g. Euspirocrinus, Cyatho- 
crinuSy CupressocrinuSy Figs. XXXVIIL, XXXIX.). (2) Ambulacra 
and ambulacrals pass between the orals, leaving an open mouth, 
while the orals gradually atrophy (e.g. Taxocrinus, Fig. XXXVII., 
probably other Palaeozoic Flexibilia, and certainly many of their 
Neozoic descendants). (3) Ambulacra pass beneath the orals, 
and gradually also beneath other tegminal plates, which are 
developed pan passu with the incorporation of brachials in the 
cup, and which thus separate the orals from the periphery 
of the tegmen (e.g. Adunata and Camerata, Fig. XL. ; cf. Caryo- 
crinidae, p. 66). 

At the same time, in types (1) and (3) a modification of the 
ambulacrals takes place. The proximal ambulacrals covering the 
mouth in (1) become large, and assume a pentagonal arrangement 



THE CRINOIDEA 



127 



simulating that of primitive orals (t,g, GiMooiinuSy Fig. XLL, Crotalo- 
crinuSy Fig. XCU. ; cf . Eublastoidea). Other ambulacrals, especially 





Fio. XXXVIII. 

Tegmen ot EuapircerinvB spiralis, shotring four cordi- 
fonn deltoids or oralis and a inudreporite, with ainbu- 
UcralB overlying tlieir appo«e<l edg»>M. In tlie poH- 
terior intemidius is the Dase of the broken off anal 
tube. (From Bather, 1803.) x S. 



Fio. XXXIX. 

TCejnien of C}tathoerinv^ 1, C. 
ftianvs with aiubiilacrals and inter- 
ambulacrals removed, exposing 
app'r-.a edges of orals (A) and 
niadi eporite (3/). 2, C. mamviillaris 
with ambulacrals (rp) and interam- 
bulacrals (id) almost entirely cover- 
ing orals (A) and iwristome. (From 
Bather, 1892.) x 2. 



axillary Amb, increase in size, and form prominent bosses on the 
tegmen, called "radial dome-plates" (Fig. XLII.); the effect of 
this is enhanced by the sinking of the other ambulacrals {e,g. 




BBi* 




Fio. XL. 

Cylicoi'i-inui nodtmis, to exemplifV the simplest 
^pe of Gamerat« tegmen. 1, fh>m 1. iKMt. radius ; 
2, tmia above. ASt anus ; 2/, basals ; br, opening 
for food -groove and underlying canals; ih, ]&Tge 
interbrachials (suborals, Jaekel). Other letters as 
usual. (Aii^r Joh. MUller, 1856.) x 2. 



Pio. XLL 

Tegmen of Gissocriwus arthriticus, 
showing ambulacrals (Amb) passing 
do>vn arms and over apposed oralH 
(0),aud becoming enlarged over peri- 
stome. Post. O remains as a folded 
madreporite; (, anal tube. Other 
letters as usuaL (From Brit. Mus. 
46467.) X 8. 



Actinocrinidae). These two facts suggest that the proximal dome- 
plates of Camerata, regarded as orals by Wachsmuth & Springer, 
and 80 quoted under head (3), may after all be ipo-^'fiod ambulacrals. 
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Fjo. XLII. 

Tegineii of hltcfitiQcriMun 
ntxlosits, Hliowiiig radial 
«loiiie - plates, d. (After 
Wachsinuth &, Springer, 
1897.) X f 



The most conflicting views have been held from time to time 
by the same and by different writers as to the homologies of these 
plates. That here put forward agrees in the main with Neumayr's 
(1889), but is based on facts not accessible to him. Wachsmuth 
& Springer (1897) deny the homology of the 
deltoids in Eublastoidea, HyhocrinuSy and Cya- 
thocrinidae, with the orals in Haplocrinus and 
Antedon ; the plates here regarded as enlarged 
ambulacrals (e.g, in Eublastoidea, Cyatho- 
crinidae, Fig. XLIIL, Crotalocrinus) are taken 
by them to be orals, and they imagine that 
they undergo resorption, fission, and other 
changes, stating that they are relatively larger 
in young specimens. As to the origin and 
homologies of the large interradial plates in 
Inadunata (here called A or 0), those authors 
are undecided. 

The gradual sinking of the ambulacra and their covering-plates 
below not only the orals but other tegminal plates, has given rise 
in the typical Camerata to structures so differentiated that they 
were long misunderstood, and their chief elucidator, Wachsmuth, 
believed in 1877 that the tegmen of Palaeozoic crinoids was "a 
solid vault or dome," which could not " in the remotest degree be 
homologised with the soft 
peristome of " recent crinoids. 
" It forms," he said, " a part 
of the abactinal system " ; "a 
continuation of the radial and 
interradial series of the dorsal 
side, and serves merely as a 
covering and protection for 
the organs underneath." 
From this it was generally 
inferred that an originally 
fiexible tegmen (" disc " it was 
called, as in recent crinoids) 
had been overgrown by "a 
free arch which braces the 
entire oral side of the body 
without the aid of oral plates" (W. & Sp. 1881). The disc 
remained as an "inner test," in which were ambulacra and 
possibly orals. Because of this structure, supposed to obtain to a 
greater or less extent in all Palaeozoic crinoids, but not in their 
successors, the Crinoidea were divided into Palaeocrinoidea and 
Stomatocrinoidea, the latter term being altered by P. H. Carpenter 
to Neocrinoidea. 




Fio. XLllI. 

Tegmen of Cyathocrinus ramosnx. The large 
tegminal plates are not homologous with the del> 
toids, but the squarish central one may be the 
madreporite. (From Bather, 1893.) x 8. 
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As fresh facts kept coming to light there was a good deal of 
shifting of ground and mutual criticism on the part of Wachsmuth 
& Springer and Carpenter. The supposed difference, and con- 
sequently the classification, were rejected hy Neumayr (1889) and 
Bather (1889-90). Independently and synchronously Wachsmuth 
& Springer (1889) concluded, chiefly on the evidence of TaaocrinviA 
irUermedius (p. 126), that '* in some Palaeozoic crinoidrthe mouth is 
exposed, and there is no vault aside of the orals " ; also that " all 
attempts to subdivide the Crinoidea by separating the Palaeozoic 
from the Mesozoic ^nd later forms as natural divisions will have 
to be abandoned." But it was not till 1891 that they published 
their recantation of the view that " the Gamerata had a vault and 
a subtegminal disk." 

The explanation of the Camerate tegmen given by Wachsmuth 
& Springer in 1891 was readily accepted and now prevails. It 
may be condensed as follows : — The plates of the tegmen were at 
first small and yielding, as in the Ichthyocrinidae and in most 
recent crinoids ; in this state when the arms are open the ventral 
surface is depressed, when they are closed it bulges upwards. To 
afiford better protection to the viscera the tegminal plates became 
more solid ; the tegmen being thus less flexible was fixed perforce 
in its protruded state. The covering-plates of the ambulacra had 
perhaps been closed from the begin- 
ning, but as, through the upswelling of 
the tegmen, the grooves were now more 
exposed, further protection was needed. 
Consequently they were lowered be- 
neath the surface and, starting from 
the solid orals, interambulacral plates 
closed in over them. Certain of the 
covering- plates, however, especially, 
it would appear, the axillary pieces, 
which perhaps could not so easily be 
covered by other plates, became much 
stouter, and were still exposed on the 
surface as solid radial dome-plates. In 
any form highly developed along these reia^rj,rteg^,r^f iJibtS^Si! 

lines, e.g. CadOCrinUS (Fig. XLIV.), the and food-canals (ami), and convoluted 
- , ' ^ , ^1 J 1 1 J skeleton of gut (p). 1, specimen with 

food-grooves, water-vessels, and blood- one side of tegmen broken away, 

vessels are sunk right beneath the l°"'Z'rp.*f„'^(To'uo^'«SS 
tegmen, and are enclosed in a tube 5riSJ^^''(X'?P*R£«ri8?5: 
consisting; of alternating ambulacrals x f . 2, one of the food-canais, from 

, J J T. T 1 -J 1 X above, further magni Wed (after Meek). 

above and adambulacrals or side-plates s, the convoluted organ, from beiow. 
below. The interambulacral plates of 

the tegmen send curious extensions into the interior of the calyx, and 
these extensions, spreading out, form what used to be regarded as 




Fig. XLIV. 
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a disc. We may, with Wachsmath & Springer, regard the exten- 
sions as caused by the perforation of the plates for water-canals ; 
or we may regard them as simple processes for the purpose of 
adding strength, without forgoing lightness, by a system of girders. 
The supposition just quoted, as to the existence in Camerata 
of a complicated water- vascular system, is supported by the 

connection of the internal passages 
with small pores near the arm-bases 
(Fig. XLV.). Such have been ob- 
served by Wachsmuth & Springer 
in Actinocrinidae, Batocrinidae, 
Rhodocrinidae, and Melocrinidae ; 
they are placed in the cup-wall at 
. ^^*°* f ^^\ ^ . , the level of the tegmen, between the 

Pores in Camerata. 1, Tkiadntrriimi *_ j ^i • • j ^^ • i 

hityid, an iutenrudins, ahowing slit -like arms^ud their rami, and theuT canals 
^^:£Xl'Z^Z^:^^'^l^^ are separated from the subtegminal 

2, BatocrinM«, Hhowing jwrea (j)) between arm-fiTOOVCS bv a thin partition. 

interambulacmlH and fixed uccuiulibracliw ^ tT * • n, • n 

(fh)in Brit. MuH. Hi)eciii)en 75602>. x 9. In Boiocrtnu^ Strotocnwos, SUgano- 

iy> .paHsageofanu-caiUilsiutothecalcavity. ^^^ EudodocrinUB, and Others in 

which the arms branch oflf alternately, there is a pore to each ramus 
that springs directly from the dorsal cup. Ddatocrinus may have 
four to six in each interradius, and two to four between each IIBr 
series. Other genera have only ten pores. In OUbertsocrinus these 
are at the end of long tubular extensions of the interradial areas 
(Fig. CXXYII.). The facts are so plain, that the introduction of 
water into the thecal cavity for aeration of the viscera seems prob- 
able ; but the connection of these passages with the hydrocoel or 
with branches thereof is a different question. The pores may pos- 
sibly have replaced the hydropore or the madreporite of certain 
Inadunata. In many recent crinoids pores pierce not only the 0. 
but the iAmb, often in great numbers, being least numerous in 
the posterior IR. Antedon bifida (Fig. XLVI.) is said to have 1500. 
They may also occur on the edge of the theca between the arms. 
In Adinametra they are chiefly developed near the ventral grooves, 
and even on the pinnules. These pores communicate with the 
coelom or its extensions (Fig. XLVIL), and so indirectly with the 
water-ring. Where there are few pores (e,g. RhizoermuSy Fig. X.), 
a process (stone-canal) stretches out towards each from the ring ; 
but, when numerous, there is no correspondence between stone> 
canals and pores. 

The statement has repeatedly been made (by Trautschold, 
Lov^n, Wachsmuth & Springer) that pores occur on the suture- 
lines between the plates composing the anal tube of many 
Inadunata. In the cases to which the last-named authors now 
restrict the statement, the tube-plates have strong axial folds, being 
no doubt connected along these by thicker ligament, innervated from 
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the axial cords (Fig. XLVIII.). The depressions between these folds 
are often deep, and it is in them that the pores are said to lie. It 
is supposed that such genera have no madreporite, and that the 
pores aerated the rectum or a blind extension thereof, for the 




Fio. XLVI. 

Ventral surfiuie of Antalon bUUla, 
diagnunnuitiacd from variouM authori- 
ties. X 4 diam. Ab, anus ; 0, mouth ; 
Pt pinnules; s, Hacculi; iv.Pt water- 
pores. 



Vertical section througli teffineii niul under- 
lying structures of A ntedon hifidfi. HhowH four 
uores, with ciliated fUnnels (cf% pierciuK the 
integument {Ug\ and conununicating by a 
water-vessel (tec) with lacunar veiisels (0 in the 
connective tissue of the mesentery (in). Tlie 
funnels are cut through in different directions. 
/, fibrous layer of integument; c, coelomic 
cavities; pr, gut-wall, showing outer tlbrouH 
layer, epithelium, and inner cuticle. (After 
Vogt & Jung, ]8S(5.) Greatly magnified. 



anus often opens low down on the anterior face of the tube. The 
statement has been definitely disproved for many forms hitherto 
said to have such pores. But Wachsmuth & Springer (1897, 
pi. vii., figs. 2ft, 5, 6, 9) support it by figures which, if correct and 




Fig. XLVIII. 

structure of the anal tube in an Inadunate Crinoid, Afartfj/ocrinii* lortut. 1, plates in 
nonnal position, from left edge of distal thiitl of tube ; /, transverse folds connecting the main 
axial ridges, r. 2, plates troxw the proximal third, disturbed and exposing the articular fiicets 
(ore) of the axial ridge. (After Bather, 1892.) X 10 diam. 

correctly interpreted, prove it for some species up to the hilt — 
and much further. For they show pores not only on the sutures, 
but penetrating the plates ; not only in the interaxial depressions, 
but on the axial folds ; not only in the tube, but in the dorsal 
cup. 

The last organ of which the modifications need be considered 
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is the Stem. The simplest form of columnal (after the fusion of 
the pentameres) is circular, but with a tendency to pentagonal 
outline. The joint-surface is radiately striated. The lumen may 
be large and circular (Fig. XLIX. 1), or small, and circular or 
five-rayed (Fig. XLIX. 2 and 3). The assumption of a pentagonal 
outline is often accompanied by a restriction of the striation to 

the margin and the concentration 
of the longitudinal ligament-fibres 
in five bands (Figs. XLIX. 4 and 
CXL 7-10). The joint -surfaces 
may become elliptical, with a 
fulcral ridge in the long diameter 
and ligamentar fossae on either 
side ; in this case the long diameter 
of one end is set at an angle to 
that of the other end, and the stem 
thus gets a corkscrew twist (e.g, 
PlatycrimiSj Fig. XLIX. 5), and so 
can bend in any direction. In a 
Eussian Carboniferous Platycrinoid 
the columnals are square in section, 
and the ridges form diagonals at 
right angles to one another. In 
Bourgueticrinidae, Bathycrinus, and 
Rhizocrinus this form of joint is 
(afte? wt & 8p!)Tr^rtii^^^^rflrom strongly marked, and the columnals 

Brit. M 118. E53; 3, ^cfinotfnwws, from Brit. «-« iiaiiAlW Inner anH fliVft-hoY 
MU8. 38($17 ; 4. Siinriaii, genus iruiri., Brit. ^J® ^^^^^^^^ ,,? f, v , , 

Mu8. 5(i978, X2-5; 5, piatyennm, Brit, shaped (Fig. XLIX. 7): the length 

Mu8. 400 ; 6, FlatucHnvs, showing twist ^ ^ . ^ xi. 

of stem, Brit. Mus. 75900, x f ; 7, Rhuo- appears in some cases to be pro- 

cnmis, from distal region of stem, x 8 ; ^„pft^ U^ fnainn nf fwn at a axr^xrtrxr 

8, Antetlon sarsi, larva, artiicular surface of QuCea Oy lUSlOU 01 tWO ai a SyzygJ, 

one of the columnals seen froni the side in The Stem of the larval AntedoU 
9 (after M. Sars). Much enlarged. ■«•▼ tv « /^\ i • i * xi 

(Fig. XLIX. 8, 9) has ossicles of the 
Bourgueticrinus type and is very flexible. In two genera of 
distinct origin — HerpetocHnus allied to Heterocriniis, and Cainpto- 
criwas allied to Dichocrinus — the stem is rolled up round the crown 
as shown in Fig. LIX. ; the cirri are, over the greater part of the 
stem, confined to two rows along the sides of the ossicles and 
directed towards the axis of the coil. In Herpetocrinus the ossicles 
become hollowed towards the inside of the coil, and there is a 
fulcral ridge parallel to this side ; strong (muscular X) ligament? 
were developed towards the outer margin. The stem could 
uncoil and the crown be projected. The structure of the 
columnals in Camptocrinus has not been described, but is said to 
be similar. Wachsmuth & Springer say that such stems are 
also found among allies of Poteriocrintis, 

The axial canal, which in recent crinoids serves to transmit the 
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vascular and nervous prolongations of the chambered organ and 
axial organ to columnals and cirrals, may in some earlier forms 
have served other purposes. The lumen is sometimes extra- 
ordinarily wide (40 mm. in the root of BarycriniiSy Fig. XVI. 3). 
Pores sometimes appear to exist between or through the colum- 
nals {e.g, BarycrimiSy CrotcUocrinus, Fig. L., Traumatocrinus), The 
distal ends of the cirri sometimes appear to have been open, so 
that the large axial canal communicated with the sea -water 
(e.g, Barycrinus, Eucalyptocrinus, Cystocrinus, Fig. L. 2). The flat 
under surface of encrusting roots is often ridged, as though 
grooves put the axial canal in connection with the exterior (e,g, 
LichenocrinuSy in which the upper surface is formed of poly- 
gonal plates, supported beneath by numerous radiating lamellae). 
These bases of attachment are, say Miller & Gurley, "as full of 

Pia. L. 

The development of "pores" fh)iii 
cirri. 1, Crotalocrinu$, portion of root, 
with branching cirri below, and attach- 
ments of cirri in upper part. Theite 
latter show the axial canal that passes 
trom the main axial canal of the stem, 
through the thickness of the columnals, 
to each cirrus, and continues to the end 
of the cirrus. Nat. size. 2, Cystna-inns 
tentifsseensis, part of stem, sliowitig 
stumpy aborted cirri, wit it axial canals 
opening at their ends. Nat. size. 3, 
CrotalwrinKs, part of stem, showing 
crenulate sutures between columnals, 
and on the columnals the atrophied 
attachments of cirri ;• compare with tlm 
extreme upper part of flg. 1. x 5 diam. 
4, CrotalncHniis, part of stem, showing 
total disappearance of cirrus-attachment, 
and only the axial canals r«maining as 
"pores piercing the columnals. x 5 
diam. (From Bather, 1898.) 1 4 

pores as sponges." On the theory here adopted as to the origin 
of the stem, a greater exten. n of the viscera into it in early 
forms is probable; the chambered organ itself may have been 
placed some way down it (compare evolution of siphuncle from 
visceral cone in Cephalopoda). Assuming that the soft structures 
contained in the stem -lumen needed aeration, Wachsmuth & 
Springer have supposed that streams of sea -water entered 
by these pores. This suggestion seems no more happy than 
Miller & Gurley's idea that "the mucous or fluid substance, 
that contained the material for the base, passed through the 
columnar canal into the pores of the base and was deposited in 
a softer state than it afterward assumed.*' We may, however, 
suppose that these passages served the double purpose of trans- 
mitting nutrient fluid to the mesoderm cells depositing the outer 
layers of stereom as the stem and root grew wider by concentric 
accretion, and of aerating the same fluid by bringing it near the 
oxygenated sea-water. 
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In some genera, and especially, as Jaekel has suggested, in 
those exposed to rough water or currents, the stem shortened con- 
siderably while its attachment was preserved (t,g, Eugeniacrinidae, 
Fig. GXX., Cupressocrinm). Cotylederma^ EudesicritmSf and CycUkidium 
are fossil genera, Holopus (Fig. CXXI.), a recent genus, in all which 
the stem is reduced to a mere mass of stereom cementing the cup 
to some solid object. 

Although the Crinoidea are the Echinoderms in which the 
Pelmatozoan habit has had most effect on the anatomy, yet they 
present a constant tendency to relinquish the attached mode of 
life and to lose that typical organ, the stem. So early as the 
Ordovician, stems are found that during the life of the animal 
were separated from the root, and became attached to other 
objects, either by the remaining cirri, or 
by winding around them. Often the 
distal end of the stem formed a coiled 
support like a serpent's tail (e.g, AcarUho- 
crintAS r«c, Jaekel, 1895). In some Silu- 
rian genera {e,g, CcUceocrinuSy Mastiga- 
crinus) stems have been described that 
were rounded off at the distal end during 
life. In Herpetocrinus the stem was rarely 
if ever attached by anything except its 
cirri; while in the species described by 
Hall as Brachiocrinus nodosarius, the stem 
ends distally in a bulb. In the Devonian 
MyrtUlocrinus the stem ended in a four- 
fluked grapnel ( = Ancyrocrinus, Fig. LI.). 
Similar detachment took place in many 
Carboniferous and Mesozoic crinoids ; the 
recent Isocrinus ( = Fentacrinus) is known 
to change its place, probably by swimming 
with its arms, and the lower surface of 
the distal columnal is '^smoothed and 
rounded" (Wyville Thomson, 1873). 

Addiction to this habit led to the 
gradual shortening of the stem; in 
MUlerkrinus Pratti all stages have been described by P. H. 
Carpenter (1882), from a stem of seventy columnals over 50 
mm. long, down to a single ossicle, the proximale (Fig. LII.). 
Continuance of this process led to the evolution, along many 
different lines, of crinoids that are generally described as un- 
stalked, and for which older writers were wont to erect an order, 
Astylida. These fall into three groups : First, those in which a 
portion of the stem remains, becoming compressed and fused, with or 
without the infrabasals, into a cirrus-bearing compound ossicle, to 




Fio. LI. 

Grapnel of MyrtUlocrinui (after 
HaU), 
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which the term " centro-dorsal " was originally applied, and to which 
it must be restricted {t,g, Antedan, Eudiocrinus^ ThavmcUocrinus ; see 
Figs. CXVII.-CXIX.). These forms anchor themselves by their 
cirri, and though capable of crawling, climbing, and swimming, do 
not often exercise their faculty of locomotion. Secondly, the group 
in which either a portion of remaining stem, or the lower part of 
the cup («.«. BB or 166), becomes solidified, usually by additional 
deposition of stereom, into a knob, which, one may suppose, serves 
as ballast or as a sea-anchor ; such forms are Agassizacrinus (p. 181), 
Edriocrimu (Fig. CXII.), and MiUericrinus Pratti (Fig. LII.). Both 
of these groups have a small calycal cavity with thick walls, and 
there can be little doubt but that all are attached by a stem in the 
earlier stages of ontogeny. The third group, comprising Marsupites 
(Fig. CIV.), Saceocoma (Fig. LXVIII.), and Uintacnnu^iFig. CIII.), 



Fia. LII. 

Stagefl in the loss of the Kteni by 
MilUHcrinm PraUi. 1, cup with stem of 
xeventy colmnualH ( x ]X 2, cliMtal eud of a 
stem, with apparent root (natural size). 
8, cup with iairly long Htem, with inter- 
calated new coIuinnalM (natural size). 4, 
cup with Hteni of twenty columnals ( x 3). 
5, cup with Htem of live coluninals ( x )X 
(>, lower iiart of crown, with stem reduced 
to a pentagonal jilate (e), with slight 
trace of atrophieil next coluninal (x ^). 
7, bane, closed below by a single plate 
(cX with no trace of lumen nr of other 
coluninals. lliis plate is the proxiniale 
(p of 8 and 4), but is covered by second- 
ary stereom (x 2). (All after P. H. Car- 
penter.) 



has no trace of a stem or of any anchoring structure, but is in all 
respects adapted for free locomotion ; the calycal cavity is large in 
proportion to the thickness of the arms, and is enclosed by thin 
flexible walls. Of^ these three genera, Saceocoma is the most special- 
ised, and is supposed by Jaekel (1893) to have been pelagic, living 
in swarms. Uintacrinus, with its extraordinarily long and movable 
arms, may also have been pelagic. The genera of this third group, 
although of origin as diverse as those in the other groups, resemble 
one another in the presence of a central, pentagonal, apical plate. 
This in Saceocoma may be the fused basals ; in Uintacrinus and Marsu- 
pites it represents neither basals nor infrabasals, but may be the 
proximale, or the supposed distal columnar plate ("dorso-central"), 
or a new supplementary plate. It is safest to call it centrale. 

Another curious modification, perhaps connected with a free- 
floating existence, was presented by the root of Scyphocrinus, 
This swelled out into a hollow, chambered, balloon-like body, 
referred by Barrande to an independent class of Echinoderms under 
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the name LobolUhuSf and described by Hall as a float, which he 
called Camarocrinus. 

As regards the internal organs of the crinoid not much can be 
said. The most remarkable modifications are those affecting the 
Gut. In most recent crinoids this makes a simple dextral coil 
around the thecal cavity, from central mouth to eccentric anus. 
The mouth may be slightly shifted anteriorly by increase in size 
of the anus, or by the anal tube coming to occupy the centre of 
the tegmen, as in Batocrinus, or even to pass beyond it towards 
the anterior margin, as in Siphonocrinus (p. 199). But the mouth 
remains in the axis of the coil, and such forms are called " endo- 
cyclic." In Actinometra (p. 196) the gut winds in the same way, 
but instead of issuing immediately the first coil is completed, 
it continues to coil, not however around the axis of the 
mouth but around the axis of the anus. The mouth, with its 
annular accompaniments, therefore lies between the outer coil and 
the next one, and not in the axis of the coil \ such a foim is called 
"exocyclic." This type of coiling does not correspond to the 
two coils of the echinoid gut, since those are formed by a loop 
returning on itself, in the way that any tube or cord fixed at the 
extremities is necessarily lengthened. The coil of the gut in 
Actinometra is therefore doubly peculiar. Yet in the nimiber of 
its coils it finds a parallel among the Camerata. In many of these 
(e.g. TeleiocrinvSy Cactocrinus, BatomnuSj StrotocrinuSy MacrocrinuSy 
EutrocJiocrinuSy HabrocrinuSy and Dimerocrinus) the gut seems to 
have been supported by a loose, spicular calcification of the 
connective tissue around the axial sinus, forming a ''convoluted 
organ " not unlike the shell of Bulla (Fig. XLIV. 3). Probably the 
oesophagus passed down the hollow axis, then the gut coiled 
dextrally in a widening spire, and the rectum passed up outside, 
often along a thickened rim. The number of coils was at least three 
in a Batocrinus figured by Wachsmuth and Springer (1897, pi. v. 
fig. 6). It is remarkable that two of their figures (ib. figs. 5 
and 7), if correctly described, show a sinistral coil. There is no 
reason to suppose that the coil of the gut was ever other than 
dextral in any class or order of Echinoderma, though Jaekel 
(1897) has made an unconvincing attempt to prove that it was 
sinistral in Camerata, Cystidea, and Blastoidea. 

In BathycrinuSy BhizocrinuSy and the larval AntedoUy the mid-gut, 
at the bottom of the thecal cavity, is widened into a stomach. 
In Bathycrinus and Bhizociinus are also interradial diverticula from 
the outer side of the coil, supported by processes from the brachials 
(Fig. LIIL). Such diverticula were present in the Silurian Eabra- 
crinuSy if the evidence of the convoluted organ and of Angelin 
(1878, pi. xxvi. f. 12) can be relied on. In Pentacrinus and 
Antedonidae, and to a less extent in BathycrinuSy the gut-wall on 
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the inner side of the coil is thrown into folds or villi (Fig. LIV.). 
In Adinometray however, with its long coil, such plication is slight. 
Sacculi (Fig. LV.) are structures confined to this class. They 
are globular sacs surrounded by mesoderm, but lying close beneath 
the epithelium, usually of the external surface. The lower wall 
of each sacculus is clothed with rather large nucleated cells, 
apparently derived from mesoderm, and from these grow up 
processes filled with refringent granules of albuminoid substance. 
Each process elongates and becomes attached to the upper (i.e, 
outer) wall of the sacculus by a filament. The granular portion 
of the cell may then separate from the nucleated base, and finally 
may burst, setting free the granules. These granules, colourless 
in life, are stained on death by the yellow pigment of the peri- 
some, and show strong afl&nity for most staining reagents. The 






Fio. LIII. 

Section across the thecal 
cavity of Jiathycrimts Al- 
driehiantis, at the level of 
second primibraclis, show- 
ing interradial proccsHes of 
stomach (st), the rectum (r), 
and the axial organ (ax). 
(Diagrammatised from P. 
H. Carpenter.) x 7 diam. 



Fig. LIV. 

Ix>nfi:itudinal section of 
wall of anal ttibe ofAnUiJon 
bijlda, showing villi (v) of 
rectal wall and their gland 
cells (g). In the connective 
tissne layer are plates of 
stereom {xt), and outside is 
epithelium («)• (Diagram- 
matised from Ilamann.) 
Greatly magnitietl. 



Fio. LV. 

Section of a nearly ripe sac- 
culus of Antedon bifida, int, 
sui)erficial layer of integument ; 
/, librillar attachments of con- 
tained cells to integument ; citt, 
cutis surrotiiiding sacculus, anil 
containing nuclei (us) ; g, granu- 
lar masses of the cunttiined cells ; 
the large nuclei of tlicse cells are 
seen below in the lining epi- 
thelium (cp) of the sacculus. 
(After Cu6not.) x 200 diam. 



sacculi occur chiefly at the edges of the food-grooves; and the 
side-plates, when highly developed, are notched for their reception 
(as seen in Fig. IX. 2). They have also been observed in the 
walls of the gut, in the mesenteries, and above the chambered 
organ. They are developed so soon as the larva begins to feed. 
Sacculi have been regarded as calcigenous glands (Wyville Thomson), 
mucous glands (Bury), excretory organs (Ludwig), symbiotic algae, 
" Zooxanthellae " (Vogt & Jung), and accumulations of reserve 
material (Walther, and especially Cu6not, 1891). Since the com- 
prehensive account by the last-named, little has been written on 
the subject, and his view has found general favour. Sacculi occur 
in Antedon, Fromachocrimis, Evdiocrinus, Atelecfinus, Bhizocrirms, 
Bothy crinuSy and Pentacrinus ; they are certainly absent from Adino- 
metra, and probably from all other recent genera. This fact renders 
their occurrence of taxonomic value. 
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The Classification of thb Cbinoidea. 

When the modifications above described have been grasped, when it 
is remembered that these are only the more nsaal among the changes 
that take place, and that there are others even more remarkable, and 
when it is learned that most of these may affect members of any group 
at any period, then it will be understood that the decipherment of the 
few and fragmentary leaves of crinoid history that have been pi'eserved 
to us has been a lung and difficult task, full of vain attempt and 
rejected theory, and that classification after classification has been raised 
but to fall ; and still the leading writers cannot agree, even provisionally. 

An admirable account of the literature on this class, from Agricola, 
in 1558, to C. F. Koemer, in 1853, was given by de Koninck and Lit 
Hon (1854), and supplemented by W. B. Carpenter (1866). The 
nomenclature of genera and species dates, of course, from 1758, the year 
of publication of the tenth edition of Linnaeus's Syttema Naturae; but 
neither Linnaeus nor his immediate successors were more happy in their 
dealings with this then little known group than more ancient authors. 
It was J. S. Miller of Dantzig and Bristol, who, in 1821, laid the 
foundation for a scientific knowledge and classification of the Cbinoidea, 
as he was the first to name them. Accounts of the subsequent growth of 
knowledge and theory are so accessible in Zittel (1879, 1899), P. H. 
Carpenter (1884), and Wachsmuth and Springer (1897), that only the 
main stages need recalling, and that briefly. 

Miller's Crinoidea excludes unstalked genera ; the others known to 
him are divided into : — ^Aeticulata : ossicula forming the cup articular 
ting, Apiocrinuiy PerdacrinuBy Encrinus, Semi-Articulata : plates of cup 
articulating imperfectly, Poteriocrinus, Inarticulata : plates adhering by 
sutures, lined by muscular integument, Cyathocrinus^ Actinoerinus, Bhodo- 
crinus^ Platycrinus, Coadunata : proximal ossicles of cup anchyloeed to 
proximal columnal, Ewjeniacrimu, The principles of classification here 
adopted profoundly influenced subsequent attempts, while the genera 
form the types of modem families. 

Joh. Miiller (1843) meant by ** Crinoidea '^ all Pelmatozoa, dis 
tinguishing the crinoids proper as Crinoidea braehiata. Among these 
he retained Miller's Articulata, adding to it the Antedonidae, and 
stating that the rays developed from the base of the cup, and merged 
into the free arms ; that the proximal plates of the rays were laterally 
united by an integument continuous with that of the ventral surface ; 
that the radial and first primibrach, the primaxil and first secundi- 
brach, were joined by muscles, but the first and second primibrachs by 
muscles or syzygy; and that food -grooves, mouth, and anus were 
visible on the tegmen. The peculiar genus Saccocoma^ unknown 
to Miller, was made the type of the Costata : stemless, without centro- 
dorsal, and with processes from the brachials ('pinmilae oppoaitaey Mtiller). 
Haplocrinus mespiliformi$ was separated under the head Tbstacea : cup 
and tegmen forming a firm, connected test, with five ambulacra running 
up to the mouth. Holopus was regarded as an entirely independent and 
peculiar division of the Crinoidea (sensu lato\ on account of its sessile cup 
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and the supposed absence of an anus ; but no group name was proposed. 
All other crinoids then kn«wn were placed in the Tbssbllata, which 
included the unstalked Manupitee ; their cup was said to be composed 
entirely of plates, to which names were given (BB, BR, Ax, etc.), and 
their tegmen was said to be solid, with only one opening, and with no 
food-grooves. This classification, while retaining as a guide the mode of 
union of the plates, took also into consideration the structure of the tegmen. 

Zittel (1879) divided the Crinoidea brachiata, Eugrinoidea, as he 
called them, into three suborders, on the basis of Milller's classification, 
but merging HolopiLS and the Testacea in the Articulata. Tessblata : 
cup-plates thin, immovably united by simple suture ; tegmen solidly 
plated ; mouth subtegminal ; MarsupiteSy Uintacrinuf, and all Palaeozoic 
crinoids. Articulata : cup-plates usually very thick, united by articu- 
lating or plane sutures ; tegmen integumentary, rarely plated, with open 
food-grooves and central mouth ; all Neozoic forms, except those here 
mentioned under other sub-orders. Costata : Saccocoma (see under 
Muller). By this time several families had been founded, notably by 
C. F. Roemer (1855) and Angelin (1878). These were added to by 
Zittel, and those of the Tesselata arranged in groups, chiefly according 
to the construction of the tegmen. Most of the families were well 
founded, but the characters of the Tesselata and Articulata, though 
applicable to a few genera, were not really capable of extension to all the 
forms that had become known since the time of MtQler. 

Wachsmuth's establishment of the Palaeogrinoidea in 1877, *'to 
include those forms in which the disc is roofed by a second integument, 
which he supposed to exist in all Palaeozoic crinoids'' (W. & Sp.), 
has already been noticed. The order covered nearly the same ground 
as the Tessellata, and opposed to it was the order Stomatocrinoidea 
or Neogrinoidea, corresponding roughly to the Articulata. Carpenter 
& Etheridge (1881) accepted the division, but laid more stress on the 
asymmetry of the posterior interradius in Palaeocrinoidea, and therefore 
suggested Irregularia and Begularia. 

Wachsmuth & Springer (1885) divided their Palaeocrinoidea into 
three sub-orders, originally suggested by Wachsmuth's study of the tegmen. 
Cambrata : tegmen rigid, formed of rather large thick plates ; brachia 
in part rigidly incorporated in cup by means of interbrachials ; Beteo- 
crinidae, Bhodocrinidae, Thysanocrinidae, Glyptasteridae, Melocrinidae, 
Actinocrinidae, Platycrinidae, Hexacrinidae, Eucalyptocrinidae, Barrandeo- 
crinidae, and Acrocrinidae. Artigulata : tegmen flexible, formed of 
minute plates ; brachia may or may not be partly incorporated in cup, 
but not rigidly ; Ichthyocrinidae,Crotalocrinidae.^ Ikadukata : brachia 
not incorporated in cup. These were divided into Larviformia : 
tegmen of few plates; "disc" covered by "vault"; Haplocrinidae. 
Cupressocrinidae, Gasteroconiidae,^ Stephanocrinidae ; and Fistulata : 
"disc" not entirely covered by "vaults" but passes out as a porous 
" ventral sac " ; Hybocrinidae, Heterocrinidae, Anomalocrinidae, Belemno- 
crinidae, Cyathocrinidae, Calceocrinidae, Catillocrinidae, Poteriocrinidae, 
Encrinidae, Astylocrinidae. 

^ Removed to Camerata in 1888. > Removed to Fistulata in 1890. 
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It mart alwajB haye been olmoiia Uiat the Neocrinoidea were a 
poljTphjletic group deriyed from the Fdaeoerinoidea ; the difficulty has 
been to trace the lehitioiiship. This taik, howeyer, was forced npon us 
when those orders were finally rejected. Since that rejection did not 
cany with it the oyerthrow of Wachsmath and Springer's sab-orders, the 
practical resolt was the raising of them to the rank of orders, in which 
Neozoic crinoids had to be appropriately placed. 

P. H. Carpenter (1889) referred all Neozoic crinoids to the Artica- 
lata (W. and Sp.) as a sab-order, Pihnata, with pinnoles ; while the 
Ichthyocrinidae constituted a sab-order, Impinvata, without pinnules. 
This had the ad\rantage of making Articulata, W. & Sp., yery nearly 
the same as Articulata, Miiller. But there is reason to belj^ye that 
the Pentacrinidae are descended directly from the dicyclic Inadunata; 
and since Pentacrinus {ix. I»oennu$) was Miiller's type, one can hardly 
escape confusion in using the term Articulata for a group that 
excludes the Pentacrinidae. Flexibuja, Zittel (1895X is superior 
and prior to Wachsmuth & Springer's proposed substitute Articulosa 
(1897), which, moreover, was used in a different sense by Jaekel (1894). 

One reason for the aboye reference of the Pentacrinidae is the 
discoyery by Wachsmath & Springer (1897) that in the Flexibilia the 
top colnmnal is not the latest formed, but a persistent proximale, usually 
fused with the infrabasals ; whereas in Pentacrinidae, as in Camerata and 
Inadunata, the top columnal is merely the latest formed, and continually 
moves from its proximal position as new columnals develop. This, along 
with the otiier characters, seems to confirm the independent nature of the 
order Flexibilia ; at the same time, the resemblance of early genera 
to contemporaneous Inadunata is so striking, that one must suppose the 
Flexibilia Impinnata to be derived from non-pinnulate dicyclic Inadunata. 
Then the want of links between Impinnata and Pinnata suggests that 
the process may have been repeated, and that Pinnata were derived 
from Triassic pinnulate Inadunata (Fistulata, W. & Sp.). Whether the 
mode of stem-growth indicates affinity or parallel modification is a point 
that demands investigation. 

The Larviformia of Wachsmuth & Springer are generally accepted as 
the most primitive Crinoidea, and as representing the ancestral type of 
all the orders. On this ground the group might be retained, not 
as a sub-order of Inadunata, but as an Urgruppe, or an independent 
order (Zittel, 1895). But their geological age forbids us to regard the 
known genera and species as themselves ancestral to far older forms. If 
then they be placed with other Inadunata, the question arises whether 
the distinction of the dicyclic and monocyclic base is not more funda- 
mental than the varying development of the tegmen. A complex tegmen 
is a development from a simple one, but between dicyclic and monocyclic 
the barrier runs back to archaean ignorance (Bather, 1893). 

The Camerata, like the Flexibilia, form an order fairly well defined 
on a morphological basis. But here too there are grounds for suggesting 
that the modifications may have occurred more than once. The evolution 
of pinnules, of biserial arms, of fixed brachials, interbrachials, and the 
like, even of a solid tegmen, may all be traced among Inadunata (e,g. 
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Botrijocrintis, Encrinus, UintacrintLs, GrotalocrimiSf (Jyathocrinus). The 
Beteocrinidae (W. & Sp.) present us with the Articulate or Flexible stage 
of the Camerata, and include both Dicyclica and Monocyclica. It is 
reasonable to suppose that the monocyclic Melocrinidae, Calyptocrinidae, 
Batocrinidae, and Actinocrinidae were derived from monocyclic ancestors, 
whether Beteocrinidae or othei-s, and that the dicyclic Thysanocrinidae 
and Bhodocrinidae were derived from dicyclic Beteocrinidae and similar 
forms. On the other hand, the Platycrinidae, and their descendants, 
Hexacriuidae and Acrocrinidae, are closer to the Inadunata, and sprang 
probably from monocyclic genera, independently and at a later period. 
The Crotalocrinidae, which Wachsmuth and Springer now place in the 
Camerata, are at any rate of totally different origin from all other Camerata, 
and are intimately allied to Cyatlwcrinus and Gissocrinus among the 
dicyclic Inadunata. 

Previous authors have attempted to make their classification serve as 
a key to structure rather than as an epitome of descent And the above 
considerations suggest that Wachsmuth & Springer's system, though far 
the best from an anatomical standpoint, is not the phylogenetic classifica- 
tion sought by the modem biologist. 

A bold attempt at a phylogenetic classification is shortly to be brought 
out by Jaekel. From his preliminary notice (1894) and subsequent 
writings it appears that he separates the Camerata (W. & Sp.), under the 
name Cladoidea, from the rest, to which he restricts the name Crinoidea. 
The Crinoidea have radials, five arms with brachials, and ramuli (Jaekel, 
supra), and anal plates connected with right posterior radial ; their origin 
is from such a simple type as has been described above. The Cladoidea 
originated independently from a many-plated cystid, in which numerous 
arms produced as many rows of supporting plates (costalia) in the cup, not 
homologous with radials and brachials ; the free costalia bear pinnulae 
(Jaekel, mpra). The resemblances between Cladoidea and Crinoidea are 
admittedly great, but all to be explained comfortably by homoplasy and con- 
vergence. The Crinoidea (Jaekel) are divided into : — Fistulata : the root- 
group, with primitive, simple calyx ; including the generally accepted genera, 
also PoTOcrinuSy Crotalocrinidae, and Marsupites. Larvata : essentially 
the same as Larviformia (W. & Sp.), but supposed to be derived from 
Fistulata, perhaps through Heterociinidae. Costata: ^'arms give off 
undivided, alternating side-branches, serving in part for reception of 
gonads ; cup usually thin-walled and spacious, composed of a circlet of 
large BB and a tripartite or fused base. No anal plates or tube ; tegmen 
simple, of five 0, to which suboralia ^ may be added " ; Hybocrinidae, Hapa- 
locrinidae, Plicatocrinidae, Hyocrinidae, Saccocomidae, Bhizocrinidae (?). 
Articulosa : the old Articulata, W. & Sp. non MtQler ; Lecanocrinidae, 
Ichthyocrinidae, Taxocrinidae. Articulata, Miiller non W. & Sp. : 
derived from Fistulata not from Articulosa ; Encrinidae, Pentacrinidae, 
Apiocrinidae, Eugeniacrinidae, Antedonidae. JaekeFs proposals are here 
alluded to in order that the student may understand the terms used in 
his forthcoming finely illustrated work. They are valuable as suggesting 
research for a large amount of confirmatory evidence. 

* **Die Oralia mil den RadicUien verbindenden PliUtchen" 
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The 01a88iflcation here adopted keeps accepted terms so far as 
possible, but the distribution of the groups is very different from that 
hitherto accepted. Dividing all Crinoidea into Monoctglica and 
DiCTCLiCA, we trace in each order a gradual and to some extent parallel 
modification, here and there diverging in somewhat similar directions. 
Thus the simplest forms in each order are Inadukata, with free distinct 
arms, and pass from a Larviform stage, with simple tegmen, to a Fistulate 
stage, with more complex anal tube and tegmen. At an early period 
(? Cambrian) in the history of the Monocyclica, the Camerate modification, 
viz. rigid incorporation of brachials in cup and ambulacrals in tegmen, 
effected a few forms, and thus arose Momoctolica Camerata. At a later 
p .od (Silurian) was a repetition of this modification, but one affecting the 
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cup to a far less extent, and resulting chiefly in a solid tegmen and biserial 
arms ; thus arose the Monocyclica Adunata (or Platycrinoidea), which 
even Wachsmuth and Springer find a difficulty in placing with the 
Camerata. These two highly specialised branches died out before the 
close of the Palaeozoic epoch, the Adunata outliving the Camerata ; but 
the simpler Inadunate forms continued, and reached a high degree of 
specialisation in their Jurassic descendants, to which the living Hyocrtnus 
is closely related. The Dicyclica Inadunata similarly gave off the 
DiOYGLiOA Camerata, which persisted only a little less long than their 
monocyclic convergents. The dicyclic Crotalocrinidae of the Silurian 
are curiously parallel to the Monocyclica Adunata, but it is not worth 
while to separate them from the typical Inadunata. About the same time 
arose among the Dicyclic Inadunata the modification that resulted in 
the Flexibilia, with brachials loosely incorporated in dorsal cup. The 
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Dicydic Inadiinata came to their acme in Carboniferous times, and only 
those forms persisted to Neozoic and Becent periods which assuuied an 
Articcdate modification, viz. a loose lateral union of proximal brachials, 
as seen in Pentacrinidae, which are oonvergents of the Neozoic Flexibilia. 
The latter sub -order was represented during Palaeozoic times by the 
Ichthyocrinoidea (Inipinnata) ; between them and the Neozoic Apio- 
crinidae, Bouigueticrinidae, etc. (Pinnata), the links are missing, but may 
yet be found among Permian and Triassic crinoids (c£ p. 140). At any 
rate, the Neozoic Flexibilia, when they assumed the free-swimming habit, 
took a new lease of life and have their acme in our own day. 

The systematic account of the Crinoidea may be prefaced .by a table 
of the teziiiB and symbols employed in technical description, as explained 
for the most part in the preceding pages. 
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The various radii and interradii are denoted as explained in the table 
on p. 110. 
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We now proceed to review the sub-classeB, orders, and families 
of Crinoidea. 

Sub-Class 1. Monocycliga, Bather (1899). 

Crinoidea in which the base consists of BB only, the aboral prolonga- 
tions of the chambered organ being interradial ; new columnals are 
introduced at the extreme proximal end of the stem. 

Order 1. Monocyclica Inadunata 

( = Inadunata, W. & Sp. |x»r«, tme/nd^ 

Monocyclica in which the dorsal cup is confined to the patina and 
occasional intercalated anals ; such Amb or iAmb as enter the tegmen 
remain supra-tegminal and not rigidly united. 

Thirty 'One genera are here referred to this order. Of these, 20 
diverge from the normal symmetry to a greater extent than by the intro- 
duction of anals, viz. 10 through the horizontal bisection of certain RR, 
other than r. post. R, usually r. and 1. ant. RR, while the remaining RR 
often increase in width ; 8 through such increase in width of certain RR 
(usually 1. post. R and ant. R), often accompanied by variation in the 
number of anns directly springing from RR ; 1 by disappearance of a 
radial (an occurrence also found in some of the other genera), and apparent 
increase in number of arms springing from RR (as in some other genera). 
Only 2 of the genera have regularly pinnulate arms, and in 15 the arms 
are unbranched. In 14, are not separated from one another or from 
RR ; 1 1 at least have no anal tube, while in 6 of those the anus if it 
existed must have pierced post O. In the rest the anal tube was always 
supported by a well-defined median ridge of plates, simulating Br. In 
Dicyclica Inadunata such characters as these are confined to very few 
forms, and those the oldest. Therefore, as well as on anatomical grounds, 
we infer that the prevalence of these characters denotes a primitive order. 

There is considerable parallelism of development between early In- 
adunate forms of Dicyclica and Monocyclica ; nevertheless, most of the 
Monocyclic genera fall into clearly marked groups, with which no Dicyclica 
can be confused. The Hybocrinidae and Stepkafowrinui are here taken 
first, because of their simple structure and resemblance to Eublastoidea. 
At a very early period the Heterocrinid type must have arisen, through 
horizontal bisection of RR {p.'n^^a^ p. 112) and branching of arms. locrvMu 
and AnofmaXocrvMiA may be early offshoots from that line of descent ; 
HtxfdUKfri'Mu and the Caloeocrinidae are other remarkably specialised off- 
shoots, the latter surviving to Carboniferous times. Starting afresh from 
the Hybocrinidae, the exaggeration of size in certain RR became more 
pronounced in the Pisocrinidae, which, by addition of supplementary 
radials and arms, lead up through CcUycanthocrinus and Mycocrinus to 
OatiUocnnuUy a type presenting a strange convergence to Halynoarinus, 
ZophocrinuSf AllagecrinvA, and certainly Ha'flocrinus appear to be aberrant 
from this line of descent. The more regular Symbathocrinidae, with 
their simple arms, represent either the direct descenciants oi die Hybo- 
crinidae or a return from the Pisocrinidae to a more nomuii structure. 
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The Carboniferous BeZtfrnnoertniM simulates many Dicyclica in the com- 
plexity of its anal tube, but in arm>structure may be regarded as inter- 
mediate between the Heterocrinidae and certain Neozoic Monocyclica. 
Of these latter, the first to appear are the Plicatocrinidae, and from them 
spring the Jurassic Seuxocoma and the Recent Hyocrinus. 

Familt 1. Htbocrikidae. Monocyclica Inadunata, in which RR diflfer 
but slightly in size and shape, except r. post. R, which supports on its 
left shoulder the proximal plate (x) of the rudimentary anal tube, when 
present, while its right shoulder is separated by a slanting suture from 
the lower part of the plate and bears an arm. BB, 6. Arms, 3-6, 
unbranched, uniserial, non-pinnulate, less wide than RR. O, so far as 
known, large, with traces of hydrospires, not separated from RR by 
supplementary plates ; post O cut into by anus and pierced by hydropore. 
Amb rest on adjacent edges of O. Genera — HyhocystiSy Wetherby (1880, 
see p. 95, Fig. I.) ; HybociHniLSy Billings (1867,-59 ; syn. IndianocnnuSy 
MilL & GurL), Ordovician and Silurian, N. America (Figs. LVII. 3, VI. 
and XXXVI.) ; HoplocriniiSy Grewingk (1867), Ordovician, Russia, includes 
Baerocrinus (Fig. LVII. 1, 2, 4). For chief literature see W. & Sp. (91). 




Pio. LVII. 

Hybocrinidae. 1, HoplocHnu* dipenku (^pe) ; 2, Hoplocrinus dipentas (var.) ; 3, Hj/bocHnu§ 
tumidtu; 4, " Baerocrinxu" Ungemi. 

Family 2. Stephanocrikidae. Monocyclica Inadunata, with 6 equal RR, 
each bearing an arm in a deep radial sinus. BB, 3, the unfused B being 
usually r. ant as in Blastoidea. Arms branched. O large, with traces of 
hydrospires (I) at their junction with RR ; anus at junction of post. with 
RR, with minute valvular covering. Amb, often fused, rest on adjacent 
edges of 0, and 6 large ones, often fused, cover the peristome. Genus — 
StephanocriniUf Conrad (1842, see p. 96, Fig. II.), Silurian, N. America 
And Britain, and as *^ Rhomhifera mira" in Bohemia. The arms are 
said to branch, but no two observers agree as to the mode of branching, 
And in fact it seems to differ in the various ambulacra of the few 
specimens that preserve the arms (R. P. Whitfield in litt,). 

Family 3. Hbterocrinidab. Monocyclica Inadunata, with x usually 
resting on left shoulder of r. post. lU, and partly on right shoulder of 
L post R, but sometimes sunk between the two, and always supporting a 
long aual tube. BB, 5. Arms, 5, with proximal Br usually full width of 
RR ; isotomous or heterotomous, or bifurcate with armlets ; non-pinnu- 
late. 6 O, without perisomic plates, have been observed in HeUroerimu 
Juterodactyltu juvenis, but the relations of Amb to tegmen are unknown. 
Cknera — locrinus^ Hall (1866), Ordovician, N. America (Figs. XXVI. 1 ; 
XXVIIL ; and LVIII. 1) ; primitive in its isotomous arms, and RR similar 
in shape and undivided,, except r. post R, from which an upper portion, 
in shape like an axillare, is separated by a horizontal suture, and bears an 
MB on its r. shoulder, and on its 1. shoulder a line of ossicles supportiag 

ID 
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au anal tube. Therefore for this line of descent, such a position of the 
median dorsal rib of the aoal tube is considered primitive (among Dicyclica 
a similar stage is presented by Mvncrinvi), Anal tube somewhat com- 
plicated. Stem markedly pentagonal, with 5 interradial sutures. Hetero- 
rriniM, Hall (1843, em. S. A. Miller, 1889, syn. Stenocrinm, W. & Sp.}; 
Edefiocrinusy Miller (1889); and Ohiocrinus, W. & Sp. (1886), are best 
known from Ordovician, N. America, but certainly had representatives 
in Europe, where also they were preceded in Cambrian seas by " Dendro- 
crinvs cambrieniU^" Hidqi (1873), which seems allied to locrinui. They 
agree in the transverse bisection of r. and 1. ant BR, in addition to 
r. post R (exceptionally L ant R is simple, and ant. R may be compound in 
its stead) ; in the partial entry of the proximal plate of the anal tube into 
the cup, sinde it now rests partly on L post R, though more intimately 
connected with r. post. Rf (Fig. XXVIL) ; in the departure from isotomy 
in the direction of two rami with armlets. In H«terocrinu»^ Ohioerinut^ 









Pro. LVIII. 

Heterocrinidae. 1, locriiius; 2, Heteroerinut btUeviUemia : 8, Eetenoeriwu; 4, AnomaUh 
crinus. 

and locrinua the stem is pentagonal and quinquepartite ; in Edenocrinus 
almost circular and tripartite. The anal tube is straight and narrow 
in Heterocrinvts and Edenocrinus^ spirally coiled in Ohiocrintu (cf. 
BotnjocriniUf Streptoerinus). Ectenocrinua has almost reached a pinnulate 
stage of arm -branching, since the Br form syzygial pairs. AnfymaUh 
crinus, Meek & Worthen (1885 ; syn. Ataxocrinus, Lyon), Ordovician, N. 
America, differs from the last three genera : (1) in greater irregularity of 
RR, L post R being larger than the others and often bisected verticaUy 
(1. ant R or ant. R, as well as r. post R, are horizontally bisected as usual) ; (2) 
in its peculiar arm-branching (Fig. LVIIL 4). Herpetocrinus^ Salter (1873 ; 
synn. Ophiocrinus, Charlesworth ; MyelodadyluSf Ang. and '[?] Hall ; [T] 
Brachiocrinus, HaJL Fully described. Bather, 1893), Silurian, Europe^ 
and probably N. America. Crown bent, in tiie transversal plane, back 
on the stem, which is then coiled around it in the opposite direction 
(Fig. LIX.). The coil could be tight, or could be uncoiled and the crown 
exposed ; the movement was effected by an elastic ligament towards the 
inner margin of the coluronals, counteracted by strong muscles towards 
the outer margin, the fulcrum being a transverse ridge. Columnals show 
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traces of original peutamerism, but over the greater part of the stem are 
crescentic in section, the concavity being on the inner margin. Cirri, 
borne on the horns of the crescent, vary in their arrangement in different 
species. No root in adult. One ray missing ; other RR all compound, 
except L post R sometimes ; x lower than in other Heterocrinidae, partly 
rests on r. post Ri (the radianal, RA). The tube outwardly resembles a 
series of Br and covering-platea Arms slightly heterotomous. The 










Fia. LIX. 

Herpetocrintu Flctcheri, in its natural coiled position, the cirri which covered the crown 
having been removed. C, cirri ; S, longitudinal suture of stem ; e, anal tube. (After Bather, 
1898.) X I 

remarkable resemblance of the coiled cirriferous stem to a pinnulate, 
canaliculate arm has misled most writers ; for the crown is rarely visible 
(vide -p. 134). Family 4. Calceocrinidae. Monocyclica Inadunata, with 
the essential characters of typical Heterocrinidae, the L ant, r. ant, and 
r. post RR being compound, and the arms branching primitively on the 
pliui of Heterocrinus heterodactylus ; but with the following modifications 
induced by the bending down of the crown : — the r. post. IR lies alongside 
the stem ; the 1. ant. R lies away from the stem ; the plane thus marked 
is one of a gradually increasing bilateral symmetry ; r. post arm always 
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absent, its place being occupied by anal tube ; the tube encroaches on 
r. ant. arm, so that this too disappears ; r. post R« and r. ant R« fuse 
to form a T-shaped piece supporting anal tube ; the T-piece atrophies, 
and the tube then rests on the corresponding inferradials ; the simple RR 
(1. post and ant) increase in size, forming the sides of the cup and bend- 
ing round on the adcolumnal side whei*e the anal tube is, as well as on 
the acolumnal side, where they eventually meet between the two halves 
of 1. ant R ; the arm borne by L ant R may fork once, but usuaUy 



l.a.Br 




Fio. LX. 

CatooeHniM fuoaniM, from tbe anterior Mde. 
J), tbe base, hinged to left anterior radial, 
which is out of sight, and flexiUy Jointed to 
r.a.JN, right anterior infenadial; the super- 
radials of this and of the conespondiug radial 
ou the other side are hidden uy t^e series of 
iiiain-axils, lAz to VA%^ which support the 
branches of the two large side*arpis; tlie 
visible sideHimi, n,Br^ is the anterior, and 
springs from a. A, anterior radial ; its diminished 
branches are seen at y and a, its enlarged 
branches at r ; the single arm along the upper 
Hide is the left anterior(2.a.JlrX (After Bather, 
1898.) Natural size. 

remains simple, owing to the extraordinary development of the arms 
borne by the two large RR on either side of it ; the adcolumnal ramus 
of each of those arms is reduced to a series of 3-8 axillaries (main-axils; 
which lie side by side, curving round towards the anal tube ; each main- 
axil gives off a branch which itself bears armlets, which in turn may 
assume the regular nature of pinnules, and are rarely visible on the 
exterior of the folded arms ; the acolumnal ramus dwindles in size and 
becomes hidden by the otlier branches ; r. post B atrophies, 1. post, and 
1. ant BB fuse, and the three plates thus left form a triangular base, 
which is regularly hinged to the 1. ant Ri, so that the crown could move 
up and down in the sagittal plane of its bilateral symmetry ; on the other 
hand, the columnals have each a slight curvature in this plane, and this 




Fn|. LXI. 
Diagrams illustrating the structure of the ixMterior area in 1, OuUxrinut: 2, fiiefcirocrinM; 
8, Cok$oeri%u9; 4, HtdvMisrxMA, 

kept the stem itself rigid. The tarious stages in the evolution are 
marked by 4 genera (Fig. LXI.) : Ccwtocnniw, Ringueb. (1889), Ordovician, 
N. America; Euchirocnnus, Meek & Worth. (1873 ; synn. CheirocrinuSy 
HaU non Eichw. ; Cremacrinus, Ulr. ; ProclivocrinuSj Ringueb.), Ordovician 
and Silurian, N. America; Calceocrinus, Hall (1852, em. Ringueb., 1889 ; 
synn. Cheiroerinus^ Salter, nom. nupL ; PendulocrinuSf Austin, MS. ; fJkUor 
erinui, Ulr.), Silurian and Devonian, N America and Europe ; Halytuh 
ermtM, Ulrich (1886, em. Bather, 1893), Carboniferous, N. America. For 
history and morphology see Bather (1893). 
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Family 5. Pisocrinidae. Monocyclica Inadunata with 1. post. R 
and ant R much l&rger than the other RR ; r. post. R ia the only 
compound R transversely bisected, and its lower half separates r. post. R«, 
and r. ant R from B6, and forms with the two large RR the greater part 
of the dorsal cup. Arms unbranched and non-pinnulate. An anal tube 




1. FiMoerinus. 






^^-^^ 





■a. 



Fig. LXII. 



2. Triiurinus, 



3. CkUyeantho' 

crinus. 



UUlMUIlJpJJUUIUllUllU 



Mycocrinus. 



5. Catillocrimis. 



Pisocrinidae and Gatillocrinidae. PRj pararadials ; (, anal tube plate =: x ; fi', nulianal 
^,RA ; other letteni a« usoal. In MyeoerinuB the radianal and lower parts of RR are bidden 
and therefore represented by dotted lines. 

UBually present, resting on post. RR or on their processes. Genera — Pimt- 
crinuSf de Koninck (1868), Silurian, N.-W. Europe and N. America (Fig. 
LXII. 1 ; see also XVIII. 5), and Triacrinus, Mtinster (1839, syn. Tneho- 
crinus, J. Miillpr, 1856), Devonian, Germany (Fig. LXII. 2), differ in that 
the former has 5 BB, the latter 3. But incipient fusion of BB is seen in 
P. oUuUif and 5 BB occur in acme Tnaerinus, The anal tube closely 
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resembles an arm, and its presence was "first notified in 1 893. The relations 
of the cup-plates, till then misunderstood, were thus shown to be essentially 
the same as in the majority of Monocyclica, while the origin of (M^caviJ^Uh 
crinus, MycocriniLSj and OcUiUocriniu became dear. This was confirmed by 
Jaekel (1895). Pisoerinus was shown by Wachsmuth to have 5 O sur- 
rounding a peristomial space ; a groove passed along each interoral suture, 
and probably conveyed the food-grooves to the central opening. The 
rectum passed into the anal tube between post and adjacent RR. An 
anal tube is said by Jaekel to have been absent from the thinly plated 
species of Trictcrinu8 in Devonian slates. Calycanihocrinus^ FoUmann 
(1887), Lower Devonian, Germany, shows a remarkable modification, 
in the introduction of small arm -bearing plates ('^pararadials" PR), 
in the positions shown in Fig. LXII. 3. This may be compared with 
the vertical bisection of a radial in AnomcUocnnus or the addition 
of 5 "interradial radials" in PronuLchocrinua ; but it is the first stage 
of a process continued in Cf^tillocrinidae. It is hard to see how this 
process could have been inaugurated except as a discontinuous meristic 
variation (cf. Bateson, Materials for the Study of Variation^ chap, xvii 
1894). Familt 6. Catillogrinidae. Monocyclica Inadunata, in which 
L post. R and ant R are much larger than the other RR, and bear PR, 
usually fused to them ; no RA visible. Arms unbranched and non- 
pinnulate. Anal tube resembling arms, but stouter, rests on left process 
of r. post R. Genera — Mycocrinus^ L. Schultze (1866, W. & Sp., 1886 ; 
Jaekel, 1895), Middle Devonian, Germany (Fig. LXII. 4), differs from Caly- 
canthocrinus in the suppression of RA and the PR borne by it ; the still 
greater size of 1. post R and ant. R, which now bear 6-7 arms apiece, i.e. 
15-17 arms to the whole crown. The 3 BB become fused, while the 
10-12 PR are usually fused with the large RR on which they rest The 
increase in size of the large RR takes place chiefly in the upper part ; all 
the RR rest on the basal circlet, which forms a knob sharply separated 
from them. CatillocrimiSj Shumard ex Troost (1860, syn. Nematocrinut, 
Meek & Worthen ; see W. & Sp., 1886), Lower Carboniferous, N. 
America (Fig. LXII. 5). The cup has here resumed a shallow basin- 
shape, and differs from Mycocrinus in the complete fusion of BB and the 
still greater lateral extension of the 1. post R and ant R in their upper 
regions. Those large RR now bear 15-31 arms apiece, there being 
usually more on ant R than on L post R (cf. Calycanthocrinus). The PR 
are absolutely fused with RR, or were never developed at all. The basal 
circlet projects upward on 1. ant side, but is almost hidden by the stem on 
the other side. The arrangement and shapes of the plates curiously 
resemble those which obtain in Halysiocrinua, while the arms may be com- 
pared to the branches that spring from the main-axils in that genua. - A 
similar result has been attained by two lines of development, which, in 
their initial stages, were as different from one another and from the 
normal type as could well be. The relationship of these forms ia a 
problem that would repay yet deeper study. Family 7. Zophocbinidiab. 
Monocyclica Inadunata, with 3 BB, 2 equal and 1 larger ; 4 RR, 1 zather 
larger than the rest, and probably equals r. and 1. poet fused ; 5 O fotm 
solid t^^men, post being the largest, and r. and L ant the 
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and, what is rather unusual, not meeting post O in centre ; anus unknown ; 
5 groups of short arms lie where the interoral sutures meet the RR, 
which is not in the middle of any RR except ant R (see Fig. LXIII. 2) ; 
each arm-group appears to consist normally of 3 elements, 2 inner and 
1 outer, all springing equally from the calyx ; stem with small axial canal. 
Genus — ^Zop^ocrmiM, S. A. Miller (1891), Silurian, Indiana (Fig. LXIII.). 
Theca pear-shaped ; Miller says there are 6 arm-plates in each group, and 




Fio. LXIII. 

ZopkoariiiMit humLTii^ from a Bpecimen in the ooUoction of Hon. F. Springer. 1, from 
poeterior, x f ; a, oral snrfoce, x V* ; 8, dlasectlon of platei. 

this may be so in some specimens ; these arm-plates may be compared 
with the arms of Catillocrinidae, but whether they bore further Br is 
uncertain. The tetramerism of this genus affects the cup only, and was pro- 
duced by fusion, not by atrophy as was probably the case in HerpetocrinutL 
Family 8. Haplocrinidab. Monocyclica Inadunata, with 5 BB, 5 
RR, of which 1. ant, r. post, and r. ant are compound ; tegmen composed 
solely of 5 0, one being pierced by a pore (? anus -H hydropore) ; 5 arms, 
unbranched and non-pinnulate, the food-grooves supposed to be subteg- 
minal. Qenus — HaploennuSj Steininger (1837 ; Aphcrinus^ d'Orb. ; see 
W. & Sp., 1886), Devonian, Europe and N. America (Figs. XXXV. 
and LXIY.); resembles the typi- 
cal Heterocrinidae in its cup, yQ^AwttS 
the Pisocrinidae in its arms, ].ant I.pa8t^--'r post rant Ant 
and AUagecrinus in its tegmen. CfJ /"^"'A C^ Cz9 A^A 
The pore in post O was dis- / — \ ( ) /p?^ p^ V y ^^ 
cussed on p. 126. Family 9. XX'OsX/s^s^'^^ 
Allaqbcrinidae. Monocyclica <i^ <^ \^ <^ <^ BB 
Inadunata, with 5 BB, 5 RR all 

simple, but of unequal and vari- ^^' ^^^v. 

able size, the larger ones often l>i«Mctionofcupof^oiJtocrini«. JTandianai. 
bearing 2 arms, whUe some arms 

may occasionally be absent or diminished in size ; tegmen composed in 
the young of 5 0, one pierced by a pore (? anus -H hydropore) ; 5 arms un- 
branched and non-pinnulate, the food -grooves supposed to be subtegminal. 
Genus — AUagecrinus, Etheridge & Carpenter (1881, restricted by W. & Sp., 
1 886), Lower Carboniferous, N. America^ Upper Carboniferous, Scotland, 
resembles HaplocrinuB in its tegmen, while the duplication of arms is 
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reminiscent of Calyeanthocrintu ; here, however, the BR are axillary, 
and Pli not deYeloped. Rowley (1895) has described calyces less than 
*5 mm. high. Family 10. Symbathocrinidae. Monocyclica Inadunata, 
with 5 simple RR, bearing 5 unbranched, non>pinnulate arms, which rest 
as a rule on broad articular facets projecting adorally in " muscle -plates," 
corresponding to the muscle-fossae. Qenera — Phimocrinus (Low. and Mid. 
Devonian, Europe), Stylocrinus and Stortingoainua (Mid. Devonian, Europe), 
SymbatKocrinus^ including La^^niomntM, which is probably its young (Upper 
Devonian and Lower Carboniferous, Europe and N. America). Phimocrinus, 
Schultze (1866), is primitive in having 5 BB, while all tlxe rest have 3 ; 
the oldest species, P, Jouherti, Oehlert, shows clear traces of horizontal 
suture in r. post, r. ant, and 1. ant RR, the usual compound RR of typical 
Heterocrinidae ; the proximal plate of the anal tube is placed as in those 
forms. The latter feature is also found in Stortingocrinus, Schultze (1866), 
which is notable for having the small unfused B in 1. post IR, and the 
angles of the columnar canal radial in position, though the genus is Mono- 
cyclic Stylocrinm, Sandberger (1850), has no facet on RR for support 
of an anal tube, nor is the usual passage for the rectum seen in the cup- 
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Fia LXV. 

Dis8ection of cup of Stftubathocrimis. The projections on the RR are muscle-plates. 

wall ; therefore one cannot orient the small B ; the anus probably pierced 
post. O. SymbathocrinuSf Phillips (1836), has small B in 1. ant IR, as in 
Platycrinidae ; the anal tube rests on the shoulder of r. post R ; 5 0, 
all small, post O being the largest and separated from the muscle-plates 
of the adjacent RR by the passage of the rectum (Fig. LXV.). The family 
is not clearly defined, and its Middle Devonian members present remarkable,, 
though superficial, resemblances to the contemporary Cupressocrinidae. 

Family 11. Belbmnocrinidae. Monocyclica Inadunata, with 5 
BB, 5 simple RR, each supporting by a slightly excavate facet an arm 
which forks on IBr^ ^^ ^ ; each ramus, with numerous syzygies in the 
proximal portion, bearing ramuli on alternate sides of most epizygals 
and of all ordinary distal brachials ; single narrow anal in radial circlet, 
resting on post B, and supporting a large anal tube composed of alter- 
nating hexagonal plates, folded on their lateral margins. Genus — Belem- 
nocrinusj White (1862), Lower Carboniferous, N. America. Dorsal cup 
elongate, its plates solid, and thecal cavity a naiTow canal below and 
shallow excavation above, thus resembling that of many Neozoic crinoids. 
B, typus has no cirri on the stem, which is circular in section ; B, florifer 
has a stellate stem of true Monocyclic type, with 3 or 4 cirri to each node. 
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MisMuricrinus, S. A. Miller (1891), Burlington group, if truly Mono- 
cyclic, must be placed near here. 

Family 12. Plicatogrinidae. Monocyclica Inadunata, with BB fused 
into a knob-like support ; 4 or 6 (exceptionally 3, 5, 7, or 8) simple RR, 
enclosing wide thecal cavity, each supporting an arm, which forks on 
IBr^ ; IIBr wedge-shaped, united by perforate articulation, not, so far as 
known, by syzygy, regularly pinnulate ; pinnulars tend to fuse. Tegmen 
unknown. Columnals cylindrical, with radiately striated joint-surface. 
For full account, and for the evidence of the axial canals passing from RR 
into the fused basal circlet, so proving that it is no columnal, see Jaekel 
(1893). Genera — Plicatocrinui, Munster (1839), Upper Jura, Germany 
(Fig. LXVI.), thin RR enclose a wide and deep thecal cavity, facets from 
^ to 1^ width of R, crescentic, without 
large muscle- plates ; proximal pinnules 
composed of 3 pinnulars, which in suc- 
ceeding pinnules are fused to a solid piece. 
Tetracrinvs, Munster (1839), Upper Jura, 
France and Germany, has thick RR with 
strong muscle-fossae. The occasional oc- 
currence of 3, 5, 7, or 8 rays shows that 
the normal 4 and 6 arose from the more 
usual 5 as sports (i^, discontinuous meris- 
tic variations). Family 13. Hyogrikidae. 
Monocyclica Inadunata, with 3 thin BB, 
the smaller one in 1. post. IR ; 5 RR, thin, 
broad, and spade-shaped, with a slight axial 
fold running straight up the middle from 
the subjacent B and ending in a narrow 
facet ; 5 arms, bearing unbranched alter- 
nating ramuli, which may be modified in 

their proximal portions for reception of surface with one out«tretche»; ana 
^ , -r» , ,. , . , . , complete. (A<lapteil from Zittel, 

ripe gonads; Br long, cylindrical, with i8S2, x j.) 

deep, narrow ventral groove ; below the 

first ramule, which is on the right of each arm, are 6 Br, with the 
joint between each pair a syzygy ; between successive ramuli are 3 
Br, united by syzygies; proximal ramuli the longest, and the follow- 
ing ones proportionately shorter, so that they all terminate on the 
same level as the arm ends ; 6 triangular O, separated from RR by 
iAmb and Amb, cover the wide mouth and circumoral tentacles ; eiich O 
as a rule pierced by a water-pore, and post by 2 ; water-pores also 
pierce several iAmb, but not in post IR ; anal tube reduced to a small 
cone towards the left of the post interambulacrum ; columnals cylindrical, 
slightly higher than wide, united by discs of ligament- fibres, joint- 
surfaces hollowed and plain or indistinctly striate, with stellate axial 
canal ; no cirri ; root unknown. The sole living representative of the 
order is the unique species Hyocrinus bethellianuSy W. -Thomson (1876, 
Fig. LXVII.), dredged by H.M.S. Challenger 30 miles W. of Crozet Is., 
in the Southern Ocean, while columnals are said to have been found 
in Mid-Atlantic just N. of the Equator ; see P. H. Carpenter (1884). 




Fiu. LXVI. 
Plicatocrimis Fnuui, from aboral 
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Evidence for its truly Monocyclic nature is wanting; but m the 
absence of proof to the contrary, it must be 
left in this, apparently natural, position. The 
stem is not unlike that of some Plicatocrinidae ; 
the branching and syzygies of the unforked 
arms remind one of the structure in the 
arm-rami of Bdemnocrinus and SaecocoTna ; the 
cup is not unlike that of Plicatocrtnus Fraan. 
The only specimen at all complete is a male, 
with testes probably mature and swelling out 
in the proximal portions of the proximal 
ramuli ; in these regions each ramular sup- 
ports 2 or 3 square side-plates on either side, 
and these support the covering-plates. The 
orals could probably open to expose the 
funnel-shaped gullet, which leads into a 
narrow gut with single dextral coil ; glandular 
ridges line the gullet and first part of the gut 
The intia-thecal connective tissue contains no 
spicules. Family 14. Saccocomidae. Mono- 
cyclica Inadunata, in which 5 RR and a 
minute centrale enclose a large spheroidal 
thecal cavity ; each R has a prominent median 
ridge ending in a narrow facet, which sup- 
ports a thin arm, forking on IBrg ; beginning 
at about IIBr^^, each ramus gives off from 
every 3rd Br unbranched alternating ramuli 
arranged as in Hyocrinua; the rami and 
ramuli are usually found rolled up in their 
distal portions ; Br cylindrical, elongate ; 
lax and the more proximal IIBr may bear 
lateral, paired, wing-like expansions, which 
in the more distal Br and the ramulars are 
always represented by delicate trellised pro^ 
cesses, with thicker upper and under mar- 
gins, which it is conjectured supported a 
continuous membrane ; no stem ; sdl skeletal 
elements very thin and coarsely reticulate. 
Genus — Saceocoma^ L. 'Agassiz (1834; syn. 
Euryale, Konig), Solenhofen Lithographic 
Fjo. [.XV it. Stone, Upper Jura (Fig. LXVIIL). Jaekel, 
SjfocHnm}jffftti' who has admirably elucidated the structure 
ci^'''' %M^^ ^^^ affinities of this wonderfully specialised 
tfve, xf.) ' crinoid (1893), considers that « the arms were 

swimming-organs, the food-groove, ambulacral, 
and genital systems being atrophied at their 
distal ends, and that the animal was pelagic, 

floating in enormous swarms in the x)eaceful lagoons of Eichstiidt and 

Solenhofen. 
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Pio. LXVIII. 



1, & XthMa^ flroni abond Hurface (after Jaekal, x^X t, & fMlta 

I, to ibov ooiUag of ann-branches (x \), S/S. pmtinaH, tnm aai 

lwMthfailaftomrt»to(>ftggittel, x j). 



Order 2. Adunata (Bather, 1899X 

Monocyclica with dorsal cup primitively confined to the patina and 
an occasional single anal ; tegmen solid ; portions of the proximal Br 
and their Amb tend to be rigidly incorporated in the theca. Arms fork 
once to thrice, and bear pinnules on each or on every other Br. BE ftts«d 
to 3, 2, or 1. (Ettdadocrtnus and Acrocrinidae offer peculiar exeaptioai 
to this diagnosis.) 

The genera of this order have been referred, in whole or part^ to the 
Camerata or their equivalents by most recent writers. But most of the 
Silurian genera here included are admitted as close allies of Monoeycliea 
Inadunata. If so, then they were derived from Inadunata ages after the 
typical Camerata had appeared. Moreover, though the Devonian and 
Carboniferous descendants of these Silurian genera became modified after 
the fashion of the Camerata, there is sccux^ly one in which the modification 
is so great as in the simplest Camerate. The order is divisible into two 
groups — A, with RR in contact all round the cup, and base consequently 
pentagonal in outline ; B. with RR separated by an anal plate in post 
IBi and base consequently hexagonal in outline. The relations of 
thitie 'groups are not clear. B. may be derived from A. by sudden inter- 
calation of an anal, or A. and B. may have descended independently from 
Inadunata ; the absence of B. from Silurian rocks renders the former 
hypothesis more probable. There is no difficulty in imagining the descent 
of early genera of A.^ such as Cordylocrihus and CoceocriniUj from Hybo- 
crinidae in which the cup had become as symmetrical as in, say, SUphano- 
crinus while the arms had passed through regular dichotomy to a stage 
wilh lamuli, as in Ectenoerinus, The actual intermediate form is not yet 
known, but that it will be found among Ordovician crinoids is a 
Ifgitimate inference. 
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Qroup a. Family 1. Platycrinidae. No anal. BB 3 ( = 2 fused 
pairs and 1 unfused, this being usually the left, sometimes the right, 
antero-lateral) forming a pentagon. CordylocrinuSj HapcUocrintUy Coceo- 
crinuSf and CylieocrinuSj which appear in the Silurian and continue to 
Devonian, are more primitive than the rest Marsipocrinus^ though also 
Silurian, is considerably more advanced, and may be regarded as a 
first attempt at the typical Flatycrinus structure ; it was apparently an 
unsuccessful attempt, since it left no descendants, although Wachsmuth 
& Springer and Jaekel seem to regard Flatycrinus as such. PUUycriniu 
came in the Carboniferous, with its offshoot Eucladocrinus, and, unless 
we are to imagine a reversal of the general trend of evolution, must be 
derived from a simpler form than Marsipocrinm. These facts are best 
presented by instituting 3 sub-families. Sub-Family 1. Coccocrininak. 
Platycrinidae with IBr 2 (3 in Hapalocrtntis Victoriae) ; IIBr more than 
2 ; few Amb and iAmb in tegmen ; (?) anal tube rarely present ; stem cir- 
cular in section ; lumen small and round. Grenera — CoccocrinuSj J. M tiller 
(1855, syn. Am^lacrintUj d'Orbigny pars^ 1849), Silurian of America, 
Devonian of Europe ; O large, symmetrical, almost covering the tegminal 
ambulacra ; iAmb 1 or 3 ; anus between O and iAmb ; arms apparently 
delicate, fork once, distal portions unknown. CylicocrinuSy J. Miiller 
(1855, as CuXicocrinus ; Jaekel, 1895), Devonian, Germany (Fig. XE.), 
differs {vora Coccocrinus chiefly in having heavy biserial arms. HapaUh 
crintUy Jaekel (1895, em. Bather, 1897 ; includes Agriocrinus, Thallocrinu*^ 
and ClematocriniLs, Jaekel), Silurian of England, Australia, and (?) N. 
America, Devonian of Germany (Fig. LXIX.) ; O small ; iAmb more than 

1 ; Amb visible between O and iAmb ; 
arms fork once, sometimes twice, varying 
in this respect in the same species, or even 
individual ; IIBr (and IIlBr when pre- 
sent) uniserial, or slightly in zigzag, bear- 
ing alternately disposed pinnules, either 
on each or on every other Br; cirri at 
the root, and often on nodals. Ccrdylo- 
crinus, Angelin (1878 ; W. & Sp., 1897 ; 
Bather, 1897), Silurian of Gotland and 
England, Lower Devonian of N. America ; 
differs from Hapalocriwus in having com- 
pound IIBr, each of which bears a pin- 
nule on each side. Sub -Family 2. 
Marsipockininae. Platycrinidae with 
one IBr ; IIBr, if not finials, one or two ; 
many Amb and iAmb in tegmen ; no 
anal tube; stem circular in section; lumen 
large and quinquelobate. Genus — Mar- 
sipocrinvs, Bather (1889, nom. nov. pro 
Marsupioerinus, Phillips, 1839, rum de 
Blainville, 1830 ; syn. CfypeUoerinus vel 
Cupellaecrinus, Shumard, 1866, ex Troost MS., non Steininger), Silurian, 
N.-W. Europe and N. America ; arrangement of cup-platet shown in Fig. 




Pro. LXIX. 

Hapalocriniu retiariuSf from Brit. 
Mu8. E5615. c, cirri ; iBr, interbra- 
chials. The suborals of Jaekel. Other 
letters as usual, x 8. 
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LXX., and of tegmen in Fig. XXXII. ; O rather Bmall, pushed anteriorly, 
and asymmetrical; tegminal lAmb and IIAmb distinctly visible ; arms fork 
once or twice, stout, biserial, with large pinnules ; no cirri on column. The 
large size of the cup is accompanied by development of stroma-strands across 
the sutures. The large tegmen permitted a Gastropod (P' 'ycer<u) to attach 
itself above the anus and live on the excrement ; this is seen in many of 
the larger Adunata and Camerata and a few other crinoids (Keyes, 1888). 
Sub-Family 3. Platycrininae. Platycrinidae with IBr 1 (rarely 2), IIBr 2 
(rarely 3) ; tegminal Amb and iAmb usually more than in Coccocrininae, 




Fig. LXX. 
Manipoerinus, from Brit Mus. E6519. pn, pinnules ; other letters as usual. 



Nat. size. 



fewer than in Marsipocrininae ; anal tube often present ; section of stem 
circular near the cup, elliptic or rhomboid below, with fulcral ridge following 
long diameter ; lumen small and round. Genera — PUUycnnus^ Miller 
(1821, W. & Sp., 1897; synn. CefUrocrinus and Pleurocrinus, Austin; 
Edtowrdsocrinus, d'Orb.), Devonian (1 species), Carboniferous, Europe and 
N. America (Fig. LXXI.) ; 1-3 iAmb always rest on the adjacent shoulders 
of the RR in each IR, and consolidate a varying number of Br and Amb 
with the calyx ; arms fork once to thrice (exceptionally more), the dichotomy 
often irregular, producing 6 rami to the arm ; columnals have a slight 
skew, so that the fulcral ridge of the proximal surface lies at an angle to 
that of the distal surface ; thus the flattened stem, which otherwise could 
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move only in one plane, has a spiral twist that enables it to bend in any 
direction (Fig. XLIX. 5, 6). Eudadocrinus, Meek (1871, W. & Sp., 
1897), Carboniferous, N. America ; appears late in the history oiFUUy' 
crinuSf from which it was evolved polygenetically by modification of the 
arms ; two main rami to each arm (sometimes only one ramus) composed 
of biserial Br, with large almost rigid Amb, form tubular extensions of the 
thecal cavity, and give off on alternate sides shorty biserial ramuli, which 
in turn bear pinnules (Fig. LXXI. 4). This sketch of the evolution of the 
Platycrinidae is confirmed by the ontogeny of Platycrinus, In young 
stages (Fig. LXXI. 2) the basal cup is relatively shallower ; RR less high ; 
columnals circular in sectioi ; Br uniserial, later on zigzag, and longer ; 
pinnules relatively stouter and wider apart ; relatively larger, and 




Fio. LXXI. 

Platycrininae. 1, aboiml view of cup and proximal brachials of Platycrinus svbgpinosua (after 
Wachsinuth & Springer). 2, crown of yoong P. HuntsvUlae, fh>m Brit. Hus. B6778. x |. 8, 



calyx of P. emintdvs, anterior view (after W. & 8p.i 4, arms of Eucladocrinu$ miUebraehitUut, 

oral sorfkce showing covering-plates (e.p) and aboral surnic( , 

for arms ; £m, ramus ; r, ramule ; other letters as usual. All (exc. 2) two-thirds natund size. 



ce (after W. k Sp.). Br', articular facet 



occupying greater partof tegmen. From this obviously Coccocrinine stage, 
the change to the mature Platycrintu has been observed in many species. 
Group R Family 2. Hixacrinidab. Cup formed of 1, 2, or 3 BB, 
forming a hexagon ; 5 RR ; and 1 anal in line with RR The family 
is closely related to the Platycrinidae, but differs in the hexamerous 
symmetry ; also, as a consequence of this, in the presence of an interbasal 
suture in post IR, whereas in Platycrinidae the nearest to that position 
is in r. post, radius. Qenera — Hexacrinw, Austin (1843, Schultze, 1867, 
W. & Sp., 1897), Devonian, Europe and N. America (Fig. LXXII.) ; 
BB 3 ; IBr, 2 united by syzygy in America, only 1 in Europe ; arms with 
2 rami, bearing ramuli. on one or both sides at intervals ; Br uniserial, 
and all except axillaries bear pinnules ; tegmen as in Platycrintu ; stem 
circular in section, with small round lumen. Arthracantha^ Williams 
(1883, syn. Hystricrinusj Hinde, 1885), has theca'of same structure, but 
armed with movable spines borne on tubercles ; arms dichotomous, biserial; 
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8tem circular in section. DidwerinvAy Miinster (1838, W. & Sp., 1897, 
syn. CotyledimoerintLSj Casseday & Lyon, 1 860), Carboniferous, Europe and 
N. America ; BB 2 ; IBr 2, united by syzygy ; IIBrj »nd 2 ^^^* when arms 
fork again, IlIBrj .nd 2 ^^ united by syzygy ; arms thin, uniserial or 
biserial, occasionally pendent ; stem circular in section, (hmptocrinux^ 
W. & Sp. (1897X Carboniferous, America, differs from Dichocrinus 



Dgsgog 




Fio. LXXII 
HgmerinvM. I, analTiis of cup ; 2, H, paUrcuifiMnniSf cup from below. (After L. Schultze.) x ^. 

only in the structure of the stem, which in its crescentic section and 2 
series of cirri resembles that ot Heryetocrimis (p. 147). Talarocrinus, W. 
& Sp. (1881-97), Carboniferous, N. America ; differs from its ancestor 
Didiocrinus in its more massive plates and in having but one IBr to an 
arm, and that small ; anal resembles ant. R in shape and size ; arms 
branch twice, biserial, free from lIBr inclusive. Pterotocrinus, Lyon & 
Casseday (1859, W. & Sp., 1897 ; syn. Asterocrinus, Lyon non Miinster), 
Carboniferous, N. America ; a remarkable modification of Talarocrimis, 
with Br up to IIlBr incorporated in cup ; large 
wing-like processes spread out from tegmen, and 
probably represent the hypertrophied axillary 
LAmb. With this exaggerated t3rpe, the nearest 
approach to the true Camerata, the Hexacrinidae 
become extinct. Family 3. Acrocrinidae. Cup 
formed of 2 BB, forming a hexagon ; 5 BR ; 1 
anal in line with BR ; and a large belt of acces- 
sory plates between BB and RR. AcrocrinuSy 
Yandell (1855, W. & Sp., 1897), later Carboni- 
ferous, N. America (Fig. LXXIII.) ; derived from 
Dichocrinus, which it otherwise resembles, by the 
gradual intercalation of 6-20 circlets of supple- 
mentary plates, " superbasals " (SB) ; the SB im- 
mediately above BB are always the latest formed 
and the smallest ; the SB supporting the anal and 
ant. R are in single series, the rest alternate. 
In A, amphora the arms were recumbent on the cup and apparently 
immovable. This remarkable family was the last to appear, and sur- 
vived all other Adunata and all Camerata. 

Order 3. Monocyclica Camerata 
( = Camerata, W. & Sp. pari). 

Monocyclica in which IBr, two in each ray(exc Stereocrinus, Hadrocrinusy 
AUoprotaUocrintu) and often succeeding orders of Br, are incorporated by 




Fio. LXXlIf. 

Arrotnnns aviphoia. (R*'- 
coiiKtnicted from Wachs- 
uiutli &. Springer.) x J. 
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iBr in the dorsal cup (becoming " fixed brachials," Br), while the corre- 
sponding Amb are either incorporated in, or pressed below, the tegmen 
by iAmb ; all thecal plates united by suture, somewhat loose in the 
earliest forms, but speedily becoming close, and producing a rigid theca ; 
mouth and tegniinal food-grooves closed ; arms pinnulate. 

The families may be grouped somewhat after the plan of Wachsunith 
and Springer (1897), thus : — 

A. No anal plate in radial circlet of patina. BB usually form a 

pentagon. Melocrinoidea. 

B. An anal plate between RR in post. IR BB form a hexagon. 

1. Proximal anal heptagonal, succeeded by one or more in the 

same vertical series, between the ordinary iBr. Batocrin- 
oidea. 

2. Proximal anal hexagonal, succeeded by no vertical series, but 

by 2 iBr. Actinocrinoidea. 

Whether Group B, was derived from some genus in Group A. is un- 
certain ; representatives of both groups are found in the Ordovician. It 
is more probable that -6,2 was derived from jy,l, by way of the Periecho- 
crinidae. Among Melocrinoidea the Patelliocrinidae are scarcely removed 
from the Inadunata, and some of their genera might almost be placed 
with the early Adunata, with which they were contemporary. Although 
their occurrence in the Ordovician is doubtful, yet the existence of the 
family points to the path along which the Camerata ascended. The 
Glyptocrinidae and Melocrinidae, which differ in little but number of 
BB, and both have anals in the dorsal cup, may have been derived from 
fluch a form as Stelidiocrinus, which also has anals. With less doubt we 
infer that the Patelliocrinidae without anals gave rise to the similarly 
constituted Clonocrinidae, from which sprang Eucalyptocrinidae, and 
probably also Dolatocrinidae. Among Batocrinoidea the simplest and 
one of the oldest genera is Tanaocrinus, with 5 BB, and not far from 
it come the earlier Xenocrinidae, with 4 BB, which perhaps led on to 
Periechocrinidae, and so to Actinocrinoidea. The important ancestral 
family, however, is the Silurian Carpocrinidae, in which Acctcoerinus is 
nearest to the Inadunate type. From them arose Barrandeocrintu with 
its recumbent arms, then the Coeliocrinidae without anal tube or respira- 
tory pores, and, later on, the Batocrinidae possessed of both those structures. 
No members of this order survived the Lower Carboniferous, but during 
their history they developed some of the most numerous in individuals 
and species among crinoid genera, and in Barrandeocrtnua^ Eucalyptocrinus, 
Agaricocrimis, and StrotocrinuSj some of the most remarkable of all 
Echinoderma. 

Sub-Order 1. Melocrinoidea. Monocyclica Camerata with RR in 
contact all round ; IBr^ usually quadrangular. 

Familt 1. Gltptocrimidae. Melocrinoidea with 5 BB ; in each half- 
ray 2-8 lIBr, sometimes IIlBr ; free arms rarely branch beyond IIIBr, 
and may be uniserial, zigzag, or biserial ; iBr numerous but definite ; 
illBr numerous, less definite ; a ridge of anals in post. IR ; tegmen 
of numerous small plates ; stem round, with pentagonal lumen. All 
Ordovician of N. America, European representatives doubtful. Genera — 
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%ptocrintii» Hall (1847 ; W. & Sp^ 1897 ; synn. CaniitroennfM, W. & 

Sp. ; PycnocnniM, S. A. Miller), has small BB and arms in zigzag (Fig.XXy.). 

iS^izocrintii, Hall (1847 ; W. & Sp., 1881 ; (7) syn. iS'c^^om'niM, Hall 

mm Zenker), doubtful, but close to Glyptocrinus, arms uniseriaL PeriglypUh 

crinus, W. & Sp. (1 897), has large BB and biserial arms. Family 2. Milo- 

CRiNiDAi. Melocrinoidea with 4 BB ; in each half-ray 2-5 IIBr ; these 

support 2 or 4 main rami giving off pinnules or pinnulate ramuli ; iBr, 

illBr, and post IB as in Glyptocrinidae ; tegmen of numerous, small, and 

irregular plates; stem round. Genera — Scyphocrinusy Zenker (1833; 

non Hall, nee Pictet), Silurian, Bohemia and (7) N. America. Cup very 

large, including many of the proximal ramuli, which enter the iBr 

and illBr areas ; subsequent rami are free and divergent ; rami and 

ramuli uniserial ; root a large hollow spheroid strengthened by internal 

septa, regarded as a float ( = (hmarocrintu) by Hall, as a cystid ( = Lobolithitt) 

by Barrande. Mariacrinus, Hall (1859, •^tr. W. & Sp., 1881-97 ; syn. 

Zenkericrinusj Waag. & Jahn), Silurian, Europe, N. America. Free arms 

composed of wedge-shaped IllBr, divergent, may or may not bear a 

few ramuli on their amedian sides (Fig. LXXIV. 1). Melocrinus, 

Goldfuss (1826; W. & Sp., 1897; 

synn. AstrocrimiSj Conrad ; Turbino- 

crimUf Troost ; CcLstanocriniu, and 

Oytoerinus, C. F. Roem. ; Clonocrinus, 

Oehlert), Devonian, Europe and N. 

America ; the 2 main rami of each arm 

are laterally fused into one trunk with 

single large ventral groove ; this bears 

paired biserial pinnulate ramuli (Fig. 

LXXIV. 2) ; thus the genus is related 

to Mariaerimts as Eudadocrinus (p. 158) 

to PUUycrinuSy and as Steganocrintu (p, 

170) to Actinocrinus, Ctenocrinus^ Bronn 

(1840, em. Follmann, 1887), Lower 

Devonian, W. Europe, is distinguished 

by Jaekel (1895), but merged with 

Melocrimu by W. & Sp. (1897) ; the 

ossicles of the rami are compound, and 

each may bear 2 pinnules. 

Family 3. Patelliocrinidae. Melo- 
crinoidea with but few Br incorpor- 
ated in cup; BB usually 3, unequal, may be the original 5, or may 
fuse to 1 ; both IBr resemble free brachials ; in each half-ray 1, or 
generally 2, IIBr, merging into free arms, which may be uniserial, zig- 
zag, or biserial ; iBr 2-6, a single one rests on RR ; stem small and 
round. This early Palaeozoic family contains genera with and without 
additional plates in post. IR ; but all are simple forms, scarcely more 
removed from the Inadunate type than are the Silurian Adunata. They 
may be intermediate between Inadunata and some more advanced 
Camerata, e.g, Clonocrinidae ; but it is not probable that they repieteiit 
the ancestors of Glyptocrinidae or Meloerinidae. Genera — SttHdicorinus^ 




Fio. LXXIV. 



Rays of Meloerinidae. 1, Mariaerinus, 
from Brit. Miis. 67475. 2, Melocrinus 
nobUissimus (after Waclwiuuth & Sprin- 
ger). Rm, ramus ; r, ramule ; », pin- 
nule. Supplementary plates are shaded. 
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Angelin (1878; [?] syn. ^armocfinus, Ang.X Ordovician, N. Ameriea. 
and Silurian, Gotland (Fig. LXXV. 1, 2) ; 5 BB, oniterial armi, analt in 





Pro. LXXV. 

- Jf»tem~rin*<J«- l"<l«.5Wi^ocrt^ l,«ayxftompoi!t«rl«r;2,oi»liurth«; 

8, PateUiocriniM|NieftydadyI««* (All after Angelin, about nai liw.) 

post. IR, large orals. Macrostylocnnus, Hall (1852, W. & Sp., 1897), Silu- 
rian, N. America ; 3 BB, biserial arms, anals in post IR, small platea in 

tegmen. AUocrtntUy W. & Sp. (1889- 

97), Silurian, N. America; 3 BB, 

uniserial arms, no anals in post. IB. 

Pae«Wiocrmt«, Angelin (1878), Silurian, 

it\ \ ^ I •i'MHWflUSI ^*^^ (^*8- I-XXV. 3) ; 3 BB, arms 

WmTi^mflH^iui ^^^^ ^' biserial, no anals. Briaro- 

lUnli'^ I 1 /l 'Mlli ^^^^' Angelin (1878X Silurian, Got^ 

|rF j^ I ■ I fh^^^^^^^^ land; 3 BB, arms secondarily uni- 

' ■' ^ ' ' i f I 'li iltl serial, ».& IIBr are compound plates, 

anals uncertain. Centriocrinvs, Bather 
(1899, nom. mut pro " Centrocrinus,** 
W. & Sp., 1881, rum Austin, 1843, 
nee Worthen, 1890); BB fused, arms 
unknown, no anals in post IR. 
Family 4. Clonoobinidas. Melo- 
crinoidea with 4 BB ; in each half- 
ra y 1-^ IIBr, with varying n umber 
of lIIBr and even occasionally IVBr; 
free arms biserial, sometimes forking 
as far as VIIBr ; iBr few and 
definite ; illBr few, not always 
present; occasional illlBr; no anala 
in post. IR ; tegmen unknown ; stem 
round or sub -pentagonal. Genera — 
' CUmocrinuSj Quenstedt (1876, turn 

Oehlert, 1879; syn. Carymhoerinui, 
cumoeHnvs potydaet^ut. I, from side -^g'X Silurian, England, Gotland, and 
(from Brit. Has. 40267); 2, vertical Motion N. America : base concave • fr«« nrma 
(from Brit. Has. B6489). Lettering as . • ''»^«^*w» > ua^ concave , iree arms 

osnaL Nat. size. iBotomousfrom IIIBr toyiIBr;iBr ina 

single vertical row, the two proximal 
large and definite. This genus leads towards Eucalyptocrinidae. Poif- 
jwftw, Angelin (1 878), SQurian, Gotland, seems to have pinnules incorporated 




Fig. LXXVI. 
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in the cup. It leads on to IVyfrliocnniM, G^einitz (1867 ; 8yn. Spyridio- 
crtnitf, Oehlert, 1891), Lower Devonian, Gkrmanj and France, which 
also has a concave base. Technocnmis^ Hall (1859, W. & Sp., 1897), 
Devonian, Md., U.S.A., base convex, arms not branching beyond lIIBr, 
no illBr ; the cup plates have axial folds as in Dolatocrinidae, which 




Fio. LXXVII. 



jfincalyptocrinicUe. 1, Callicrintu murckiMnianua from the side, anu8 removed except on 
the right ; 2, phttes from distal end of anal tube ; 8, the same plates from C. costcUus ; 4, similar 
platea described by Hall as Cryptodiacua .- 5, calyx of CaUicrinus eostatus; 1, 5, 5, U denote 
successive circlets of the anal tube; i, ii, iii, denote the areas of origin of interbrachial 
processes. Other letters as usual. 1, 2, 8, 6, after Angelin ; 4, after Hall. 

fjEunily may be thus connected with Corymbocrinidae. Family 5. 
EuCALYPTOCBiNiDAB. Melocriuoidca with usually concave patina of 4 BB 
5 RR ; in each half-ray are 2 IIBr, supporting IIIBrj (and in 



and 

Eucalyptocrinu^ IUBt^, followed by IIIBr, proximally uniserial, distally 
biserial ; IBr 3, 2 resting on 1 ; illBr 1 ; tegmen elevated in a central 
anal tube, and composed of 4 circlets of large plates, variously shaped 
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and bearing processes. When stripped of arms and processes, the theca 
resembles a sherry-decanter with a kick at the bottom. At the junction 
of cup and tegmen are the 10 pairs of ambukcral openings for food-grooves 
and associated vessels, which pass beneath the tegmen to a central 
mouth suspended beneath the neck of the decanter. From this a gut 
winds dextrally down, around, then up, and out at the mouth of the 
decanter. The processes borne by the tegmen are vertical partitions 
rising from the fixed iBr and illBr to varying heights, while smaller 
partitions are between the IIIBr series. Qenera — CMicriwUy d'Orb. 
(1849), Silurian, Europe and N. America (Fig. LXXVIL, see Angelin, 
1878, W. & Sp., 1897). The cup is built on almost the same plan as 
that of CZonomniM, the difference lying in the vertical fission of the 2nd 
iBr. The partitions do not rise very high between the arm-branches ; 
on the other hand, large spinous processes are frequently given off from 
plates of both cup and tegmen, while the upper circlet of the anal 
tube is often extended in 4 quadrant-shaped horizontal extensions 
(CryptodiscuSf Hall'; see Weller, 1898). Eucalyptocrinus^ Qoldfiiss (1826 ; 
syn. Hypanthocrinus, Phillips), Silurian of Europe, N. America, and 
(?) Victoria, Devonian of Eifel (see Angelin, 1878, and W. & Sp., 1897) ; 
differs from Callicrintis in the great development of the vertical partitions, 
which form compartments in which the arms rest right up to their tips, 
so that the closed crown is almost egg-shaped, especially as it has not the 
obtrusive ornament of Callicrinus. Angelin has figured laminae of 
stereom within the theca ; these served to support the subtegminal 
food-grooves and mouth, and are pierced by the gut ; they are not 
hydrospires. This family was richer in species than any other of the 
Silurian ; while the main structure was fixed, tlie ornament varied 
greatly. Family 6. Dolatocrinidae. Melocrinoidea with large base, 
flattened or concave, 3 BB, nearly always fused ; in each half-ray, 1-4 
IlBr, and sometimes IIIBr and IVBr ; free arms biserial, and may fork ; 
'Br,3 or more ranges ; illBr usually present, merging with illAmb; an 
^ditional iBr exceptionally present in post. IR ; tegmen, when known, 
solid, with large plates ; stem round and large. All Devonian of N. 
America. Genera — Dolatocrinusy Lyon (1867 ; W. & Sp., 1897 ; syn. 
CdcahocrinuSj Hall), has 2 IBr, a stout almost central anal tube, respiratory 
(?) slits in interbrachial areas at junction of cup with tegmen (Fig. XLV. 1), 
and plates usually with axial folds. StereocrinuSj Barris (1878, W. & 
Sp., 1897), has 1 IBr, and BB unfused. Hadrocrinus, Lyon (1869 ; 
W. & Sp., 1897 ; syn. [?] Coronocrinus^ Hall), has 1 IBr and large iBr 
variable in number and arrangement ; very large, and imperfectly known. 
The single primibrachs of Stereocrinus and Hadrocrinus probably represent 
the two IBr of Dolatocrinus fused (cf. Alloprosallocrinus). 

Sub-Order 2. Batocrinoidea. BR in lateral contact except in post IR. 
Proximal anal heptagonaL IBr^ quadrangular, except in Periechocrinidae. 

Family 1. Tanaogrinidae. Batocrinoidea with 5 BB ; the proximal 
IIBr fixed, but outwardly resemble free brachials ; arms fork still further, 
brachials wedge-shaped ; iBr and illBr numerous, irregular, occupying 
depressed areas connected with tegmen, which was probably flexible and 
composed of small plates ; in post IR is a vertical ridge of anals ; 
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stem relatiTely large and ^ub-pentagonal. Gtenus — Tanaocrtnusy W. & 
Sp. (1897), Ordovician, Ohio (Fig. LXXVIIL 1, 2). In structure and in 
time this genus is well fitted to be taken as an ancestor of the Carpo- 
crinidae. Family 2. Xenocrinidae. Batocrinoidea with 4 BB ; each 
half-ray contains IIBr, and sometimes lIIBr ; free arms in zigzag or 
biserial. iBr and illBr, also illlBr when present, numerous. Post IR 
wider than the others, divided by a longitudinal row of ridged anals. 
Tegmen of minute irregular plates. Stem quadrangular to circular in 
section, with pentagonal lumen. Genera — Xenocrinm, S. A. Miller 




Fia. LXXVIII. 

Tftnaocriiiidae and Xenocrinidae. 1, Tanocrinus t^pti«, posterior view, x 2 diam. 2, anterior 
view, X 2 diam. 3, XenocHmts^ analynis of cup. 4, Conipsocrintu harriH, cup flnom posterior, 
diagrammatic, x 2 diam. (All adapted from W. & Sp.) 

(1881 ; W. & Sp., 1897 ; Fig. LXXVIIL 3) ; iBr sink between RR, so 
as almost to rest on BB ; IIBr are finials. Compsoerinus^ S. A. Miller 
(1883 ; W. & Sp., 1897 ; Fig. LXXVIIL 4), has RR in contact except 
on anal side ; IIIBr sometimes fixed ; iBr stouter than in Xenocrinus, 
Both Ordovician, Ohio. AhcLcocrinus^ Angelln (1878; syn. % Carolicrin'iUj 
Waag. & Jahn), Silurian, Gotland and (?) Bohemia, is more highly developed. 
Between it and Compsocrinus we must imagine a form in which the iree 
Br became biserial, while the free rami forked several times. In Ahaco- 
erinus the proximal biserial brachials (IIIBr) with their pinnules are in- 
corporated in the dorsal cup ; the stem has changed from sub-quadrangular 
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to circular, but the columnals still alternate in size. From the imagined 
intermediate form (not from Abacocrinui iiBeU)Periechocrtnu8 may have been 
derived by fusion of 2 BB. Family 3. Cabpogrinidae. Batocrinoidea 
with 3 BB (f fused in Macarocrintu) ; BR rather large; each half-ray 
contains 1-3 IIBr usually passing into the free arms, which are usually 
2, occasionally 3, to each ray ; iBr 2-5, in contact with iAmb ; illBr 
may be present in limited and definite number ; tegmen of numerous 
small plates, with a few larger ones ; in post. IR a vertical row of anals ; 
stem large and round, usually with small pentagonal lumen. Genera — 
Acacocrtnw, W. & Sp. (1897), Silurian, Indiana, has 2 arms to each 
ray ; brachials wedge-shaped, each bearing one pinnule. Desmddocrtnw, 
Angelin (1878), Silurian, Europe ; in each ray one of the rami forks 
again almost immediately. MiuarocrintUj Jaekel (1895), Lower Devonian, 




Fio. LXXIX. 

Anns of Carpociinidae. 1, 
Mctearocrinut Springet'i (after 
Jaekftl). 2, Carpocrimis sini- 
fiex (based on Brit. Miis. 5586 
& 57360). 




Fig. LXXX. 
Barrandtoo'inn$ fcfptmm. 1, reconstmction 
of the crown, with three of the rami removed 
(after G. Li\jevall in W. & Sp.). Nat size. 2, 
diagram of tlie calyx. Ijettering as usual. 



Eifel, differs in greater length of Br, in fusion of BB, and presence 
of one IlBr instead of two (Fig. LXXIX. 1). Carpocrinus^ J. Midler 
(1841 ; synn. Phoenicocrinus^ Austin ; AbracrifiuSy d*Orb. ; HabrocrinuSy 
Ptonocrinui, and [?] Leptocrinus, Angelin, 1878. See W. & Sp., 1881), 
Silurian, Europe ; derived from Desmidocrinus by fusion of free Br to 
form uniserial ossicles each supporting 2 or more pinnules, and by atrophy 
of the unpaired ramus, which resembles a large proximal pinnule (Fig. 
LXXIX. 2). Family 4. Barrandiocrinidae. Batocri noidea with 
3 BB ; RR irregularly shaped ; each half-ray containing 1 IIBr, which 
supports a free arm, biserial, and recumbent over dorsal cup ; iBr, 3, in 
contact with iAmb ; tegmen solid with large sub-spinous 0, alternating 
with 5 radial dome-plates ; stem large and round. . Qenus — Barrandeo- 
erinus, Angelin (1878 ; syn. [T| OylicocrinuSj S. A. Miller non Mtiller ; see 
W. & Sp., 1897), Silurian, Gotland and (t)N. America (Fig. LXXX.). 
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The chief feature is the fixed recumbency of the arms, as in some Heza- 
cxinidae and AerocrvMu; but differing from those forms in that the 
pinnules were very close-set, and folded in two rolls over the ventral 
groove when closed. Except for this and the consequently more solid 
tegmen, the genus is not far removed from the Carpocrinidae. Ant R is 
hexagonal ; r. and L ant RR heptagonal ; r. and L post RR pentagonal 

Family 5. Coxlocrinidab. Batocrinoidea with 3 BB ; in each half- 
ray, 1 or 2 IIBr ; free arms separated by 3 or more iBr in contact with 
iAmb, 2-4 biserial rami to each ray ; a row of anals in post IR, sup- 
porting no tube ; but anus opening marginally from a slight prominence ; 
tegmen solid, with laige O, esp. post O ; no respiratory pores known. 
Q^era — CSoeJoeriniM, Meek & Worth. (1865-66 ; synn. iSpAoeromniM, M. 
k, W. non Roem. ; AorocrinuSy W. & Sp., 1897), Devonian and Carboni- 
ferooa, N. America, and (?) Devonian, Europe (Fig. LXXXL). 2 or 4 
rami to each ray, each with independent opening into the theca ; cup extend- 
ing below arm-bases. Dorycrinui, C. F. Roemer (1864, W. & Sp^ 1897X 
Carboniferous, N. America ; derived from Coelocrinus with convex base ; 
rami paired, 2 to a single opening ; radial dome-plates of tegmen bear 
laige ^ines. Agaricocritms, Hall ex Troost (1858 ; W. & Sp., 1897), 
Carboniferous, N. America ; derived from Coelocrinus with concave 
that feature being greatly exaggerated so that. 
the cup does not project below the arm-bases ; 
rami 2-4 in each ray, each with independent 
opening. Family 6. Batocbinidae. Bato- 
crinoidea with 3 BB ; each half-ray contains 




1-5 IIBr, also IIIBr, 1-5, always in adanal 
series, and sometimes in the rest, but rarely in 
anterior series ; free arms with 1-4 biserial 
rami in each ray ; iBr, 1-15, usually uncon- 
nected with iAmb, except in post. IR, and 
sometimes separated from them by the brachials ^^^ lxxxi 

there also; pUtes in posterior IR 2-19, per- coaocHnui im^turi<s.froiu 
haps more ; anal tube long, usually stout, and Brit. Mus. Eirrs. x it. 
central ; tegmen solid, with O and radial dome- 
plates usually pxominent, post O always pronounced ; 10-20 respiratory 
-pattB chaTactefiitjp (Fig. XLV. 2), but doubtful in JDizygocrinus and very 
dottbtfol ia Myperoerinus ; stem round, usually stout, with small pent- 
agottai lumaa. The family is confined to the Lower Carboniferous 
rooks 0{ central N. America, where it flourished exuberantly along 
with the parallel family Coelocrinidae. Batocrinua came first (Kinder- 
hook) and went last (St Louis) ; the rest are confined to Burlington 
and Keokuk Groups. Genera — Baiocrinua, Casseday (1854 ; em. W. 
& Sp., 1897)» has 1-3 iBr separated from iAmb by IIIBr; 18-26 
short arm-rami set regularly round periphery (Fig. LXXXII.). ErOmo- 
crinus, Lyon k Casseday (1859 ; W. & Sp., 1897), like Batocrinus, 
but ham 12-26 long paddle-shaped arm-rami, and eccentric anal tube. 
AUopnadlUarinm, Ly. & Cass. (1860, W. & Sp., 1897), constructed like 
BaioerifMUy but converges in outward shape towards Agaricocrinut, 
^frfrodkoerwMM, W. & Sp. (1897), 18-40 short rami, eet regularly around 
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periphery like spokes of a wheel ; IBr maj or may uot join iAmb ; 
illBr often present Dizygoertnut^ W. & Sp. (1897X like EiUrocho- 
erinvSf but with rounded calyx, more variable in composition, anal tube 
and stem rather slender. Hyperocrtniu, Meek & Worthen (1865, aa 
Uperocrinua; syn. LoboerimUf W. & Sp., 1897); 18-22 free rami, arranged 
in arm-groups, separated by iBr which join iAmb ; illBr sometimes 
present ; lofty tegmen ; respiratory pores unknown. Jdo^ocrinus, W. 
& Sp. (1897) ; 12-16 rami, in groups, but not separated by iBr 
except in post IR ; anal tube tapering ; stem slender ; tegmen coni- 
cal or hemispherical ; respiratory pores, 10. The study of the relations 
between these genera is a fertile and unappropriated field. 

Family 7. Periechoorinidai. Batocnnoidea with 3 BB; IBr^ 
hexagonal ; each half-ray contains 1-5 IIBr, and sometimes 2-6 IIIBr ; 
free arm -rami biserial, usually branching ; iBr numerous and merging 





Fio. LXXXII. 

Batocrimu. 1, B. icmidactyliu, calyx fh>m tlie Bide (after CaiwecUiy, nat sixeX 2, cup 
seen from aboral side, fh)in Brit. Mus. K5055. Supplementary pldtes .shaded, x f . 

into iAmb ; post IR wide, with plates in successive rows of 1,3, 4-6, etc. ; 
tegmen of numerous small plates in which O, Amb, and radial dome-plates 
are sometimes to be distinguished, especially post. O ; anus without tube, 
from sub-central to marginal ; stem laige, round, with wide lumen, round 
or 5-lobed. Members of this family, esp. Gennaeocrimis, are liable to be 
confounded with Actinocrinidae, but differ in the presence of 3 plates 
(not 2) in the second row of post IR, in which respect they resemble 
Xenocrinidae, Carpocrinidae, Coelocrinidae, and Batocrinidae. Gfenera — 
PertechocrintLSy Austin (1843 ; synn. Geocrinus^ d'Orbigny ; Saccocrintu^ 
Hall ex Troost ; Fyocidocrinus, J. Miiller, pars ; [T| l^rochocrinus^ Portlock 
and [?] Pander ; [?] FradocrinuSy Vemeuil, 1850 ; see W. & Sp., 1897), 
Silurian to Carboniferous, Europe, N. America, Australia ; elongate cup 
of thin long plates, usually with axial folds, and depressed theca in which 
are not distinguishable ; arms fork and are less advanced than in 
Ahacocrintu (p. 165). Beyrichocrinus, Waag. & Jahn (1899), Silurian, 
Bohemia, little known. Megistoerintu, Owen & Shumard (1852 ; W. & 
Sp., 1897), Devonian and Carboniferous, N. America, (?) Carboniferous, 



THE CRINOIDEA 169 



England ; globose cup of heavy short plates, with tegmen from flat to 
conical ; O, radial dome-plates, and Amb usually distinguishable (Fig. 
XLII.) ; free rami grouped in pairs, have covering-plates and side-plates. 
(Tefinoeoeriniw, W. & Sp. (1881-97), Devonian, N. America ; low cup of 
thin plates with axial folds ; theca rather depressed and lobed in arm 
regions ; O small but visible, as also are Amb ; rami, 8 to a ray, branch 
firom alternate sides of arms ; in form like the Actinocrinid Ph.%j8docnnvA. 

Sub-Order 3. Actinocrinoidea. RR in lateral contact except in 
post IR ; proximal anal hexagonal ; IBr^ usually hexagonal ; BB 3 
equal, forming a hexagon. 

Family 1. Actikocrinidas. Cup conical or bowl-shaped, with orna- 
ment of axial folds ; only 1 IIBr, which is axiUary ; free arm-rami branch 
on alternate sides of the half-rays, starting either from lax or Ilax ; all 
free portions of arms are biserial ; proximal pinnulars bear hooks ; iBr 
numerous, primitively merge into iAmb, but become separated therefrom 




Fio. LXXXlll. 

A<iiwxrinui. 1, analysis of part of cup, sho>ving post, and r. post, interradii. 2, cup fh>m 
below ; the supplementary plates shaded. 

by development and lateral contact of fixed brachials ; post. IR wide, 
with proximal anal followed by 2 plates in second row; tegmen 
solid ; not prominent, but usually distinguishable ; iAmb may cover 
the tegminal Amb ; anus either on a tube or piercing tegmen, either 
central or eccentric ; stem round, with small 5 -lobed lumen. The 
family is confined to the Lower Carboniferous, and flourished chiefly 
in N. America. Actinocrinicx, with its descendant SteganocrinuSy and 
Cactocrinits, with its descendant Telmcrintu, form a group characterised by 
a long anal tube. In Physetocrimis and its descendant Strotocrinus the anus 
pierces the tegmen directly. For complete account of the family and 
revision of genera see W. & Sp., 1897. Genera — Actinocrinus, Miller (1821; 
synn. Ampharat CumK ; BlairocrinnSy S. A. Miller ; Fig. LXXXIII.) ; cup- 
plates with axial folds and parallel ridges ; theca lobed at arm-regions, the 
numerous iBr being depressed, while the higher orders of Br with their 
Amb form 5 broad rays, sometimes including some iBr ; these rays fork and 
give off free rami to alternate sides every second or third plate, first on outer 
side from Ilax, then on inner side from IIIax,andso on ; the rami may branch 
again ; pinnules long, the proximal pinnulars armed with a small hook pro- 
jecting from the middle ; tegmen solid, rising centrally into a stout tube with 
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aniu at distal end ; O unall and eccentric ; Amb yiaible in tegmen, either 
as two rows of large covering-plates which pass oat from between O and 
follow the branching of the food-grooves, or as large single plates (lAmb 
and IIAmb), succeeded by snuil covering-plates, which pass on to the frea 
arms. Steganoerinuiy Meek & Worthen (1866), differs from Atikimoomm B 
in the extension of each ray into 1 or 2 rigid tabular rami, frooa 
which biserial ramali are given off alternately on opposite sidei^ either 
from every ossicle or from every other ; covering-plates consist of side- 
pieces and spinous Amb. CadoervMU (W. & Sp., 1897) diflien from 
ActinoerinvM in having the arm-rami given off in a ccmtmnous row 
around the theca, the brachials meeting laterally, so that iBr are not in 
contact with iAmb {cf, Eutrochocnnui) ; bifurcation takes place on each 
successive plate, tje. all Br, except the finials, ai^ axillary ; all pinnulais, 
except the extreme distal ones, hear hooks which imbricate over the adjacent 
pinnules (ef. structure of a feather) ; covering-plates oonsist of side-pieces 
and Amb ; Br and tegminal plates spinous (cf. Fig. XLIY.). TMoeruius, W, 
& Sp. (1881 ; syn. CakUhoerinut^ Hall, jxin, mm v. Meyer) ; a modified 
CMtocrinui in which the arms have become so nomerous and crowded 
that they are pushed outward, while their bases have become united 
and extended as a broad rim at the top of the tiieca ; between the Amb 
and iAmb forming the roof of this rim, and the Br forming its floor, are 
developed processes of stereom serving as girders ; the ambulacra with 
their ambulacrals are mostly depressed below the tegmen and covered by 
iAmb ; a respiratory pore ii at the side of each ambulacral opening into 
the theca. Phyaetocrinui^ Meek & Worthen (1869), differs from Adino- 
crinw in the absence of an anal tube, and in bifurcation of arms on each 
successive Br, as in Caetoerinus. Strotocrinw, Meek & Worthen (1866), 
often confounded with TeleiocrinuSf towards which it is convergent, bears 
to Phytetocrinus precisely the same relation as Teleioerinua bears to CaetO' 
crintu. Scrnipsonocrinui^ MilL & Qurl. (1895), Carboniferous, Missouri, 
has r. and L post iBr truncating BB, and only 1 IBr in r. and L ant radii ; 
the unique specimen is best regarded as an abnormal Actinocrinug. Com- 
pare PhUlipsocrintu, M'Coy (1844 or 1862), Carboniferous, Ireland, in 
which also some iBr truncate BB ; but since BB are here 4, this may 
be a more direct descendant of Xenocrinidae, perhaps by way of the 
Silurian LatibeoeriniLs, Waagen & Jahn (1899), which seems a link 
between early Batocrinoidea and Actinocrinoidea. Family 2. Amphora- 
GRINIDAE. Actinocrinoidea with cup depressed and tegmen much elevated, 
accompanied by downward projection of proximal regions of arm-rays ; 
cup -plates with granulo- vermicular ornament; iBr few; in other 
respects like Actinocrinidae. Qenus — Amphorfwrimu, Austin (1848), 
Carboniferous, Europe and N. America ; arms free from lax or IIBr^ ; 
anal tube short and eccentric. Two American species occasionally have 
3 plates (instead of 2) succeeding the proximal anal, but the middle of 
these is small and wedge-shaped, barely touching the anal ; this may be 
a plate of the ensuing row pressed down, or it may represent the middle 
plate in Batocrinoidea. 
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Sub-Class 2. Dicyouca, Bather (1899). 

Crinoidea in which the base contiits of BB and IBB, tiie latter being 
liable to atrophy or fusion with the proximale, but the aboral prolonga- 
tions of the chambered organ are always radial ; new columnals may or 
may not be introduced at the proximal end of the stem. 

Ordxr 1. Dieyelica Inadnnata 

( » Inadunata, W. & Sp. part^ emend,). 

Dicydica in which the dorsal cup primitively is confined to the patina 
and occasional intercalated anals, and no other plates ever occur between 
RR (Grade : Distincta) ; Br may be incorporated in the cup, with or 
without iBr, but never rigidly, and their corresponding Amb remain 
supra-tegminal (Qrade : Articulata) ; new columnals are introduced at 
the extreme proximal end of the stem. 

This order, so far as its Palaeozoic genera are concerned, corresponds 
roughly to the Inadunata Fistulata of Wachsmuth & Springer, and 
entirely to the Inadunata Dicyclica of Bather with an error or two 
corrected ; but it includes also some of Miiller's Articulata and some of 
Wachsmuth & Springer's Larviformia. The latter authors have them- 
selves proved the connection of the Eucrinidae and Pentacrinidae with 
their Fistulata. The distribution of the 70 genera into families would 
present no great difficulty, were a purely morphological classification our 
aim. One might use, as has been done, such characters as the presence 
or absence of pinnules, of an anal tube, of a radianal, of articulation 
between cup-plates, or of simply bifurcate as contrasted With dichotomous 
arms. But there is every gradation in the development of these characters, 
pinnulate forms being derived from non-pinnulate, the radianal gradually 
disappearing, articulation of plates, developed as need arose, and so on. 
Hence the great division into Cyathocrinidae and Poteriocrinidae (W. & 
Sp., 1886 ; Zittel, 1895) cannot meet the needs of the phylogenist An 
attempt to sketch the actual race-history (Bather, 1890) resulted in the 
recognition of a distinction between DendrocriniAi and its allies, with their 
broad radial facets and thin tegmen on the one hand, and Cyath4)cnnm 
and its allies, with narrower facets and more solid tegmen 6n the other, 
while the pinnulate forms were all derived from the Dendrocrinidae. 
This distinction, subsequently strengthened (Bather, 1893), has been 
made much of by Jaekel (1895), who divides all his Fistulata into 
Cyathocrinacea, Dendrocrinacea, and Poteriocrinacea, the last group being 
derived from the Dendrocrinacea, and giving rise to the Articulata 
(Jaekel). It is therefore but a slight step to establish two sub-orders, 
Bendrocrinoidea and Cyathocrinoidea. Of these the latter were the first 
to be specialised and the first to disappear. The Dendrocrinoidea moved 
more slowly and went further — even to our own day — undergoing modi- 
fication in the development of the anal tube, in the pinnulation of the 
aims, and in the relation of arms to cup. Moreover, from them branched 
off the order Flexibilia, probably on more than one occasion. 
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Fio. LXXXIV. 
Analysis of cup of Co.rvibocrinva. 



Sub-Order 1. Oyathocrinoidea. Dicyclica Inadunata, with a fairly 
stout tegmen, in which 6 orals (A, sub-ambulacrals, interradials, con- 
solidating apparatus, of authors) are usually conspicuous, helping to 
stiffen the tegmen, supporting the ambulacra on their adjacent edges, and 
enclosing but not covering the peristome ; post O frequently a madre- 
porite ; radial facet usually narrow ; arms distinct from dorsal cup, un- 
branched or dichotomous; none attain the pinnulate stage, but the 
presence of pinnules would not in itself remove a genus from the sub-order. 
Family 1. Carabogrinidae. Oyathocrinoidea with one or more 
large anals in line with RR ; RA supporting these, and resting on a 
supplemental plate intercalated between post B and r. post B and rest- 
ing on IBR Anus, surrounded by a few small plates, pierces tegmen 
between x and poet O. Strong stereom -folds pass across the radio- 
oral sutures. Post O pierced by hydro- 
pore (a madreporite). Arms stout and short. 
Genera — OarahocrimiSf Billings (1856,-59) ; 
Strophocrinus, Sardeson (1899), both Ordo- 
vician, N. America (Fig. LXXXIV.). The 
I'adio-oral folds are probably vestigial 
hydrospires (cf. Hyhocrinut), The inter- 
radial tegminal plates are admittedly homologous with orals, and ambu- 
lacrals rest on their apposed edges (as in Fig. V. 2 ; see also p. 126). 
Family 2. Palaboorinidae. Oyathocrinoidea with anal x in line with 
RR ; RA smaller and rhomboidal, abutting on x and not separating 
r. post R« from r. post B ; anal tube slightly developed ; 5 surround a 
pentagonal peristome ; post a madreporite ; arms narrow, rising from 
well-defined facets axial canal not separate from ventral groove, but passes 
into thecal cavity through a large opening between R and adjacent 
0. Qenera — PataeocrimLs, Billings (1859), Ordovician, Oanada (Fig. 
LXXXV). ; usually regarded as a synonym of Dendrocrinus, to which it 
is closely allied ; but it differs in shape of RA, the defined radial facet, 
the anal tube composed 
of but 4 or 5 vertical 
rows of plates, and above 
all, the solid orals sup- 
porting ambulacrak, — 
differentiae which place 
it in this sub -order. 
Stem shows 5 radial 
sutures ; cup - plates 
usually folded ; arms 
isotomous to IVBr. 
Porocrinus, Billings (1856-59 ; see J. Qrant, 1881, and Beyrich), 
Ordovician, Oanada and Russia (Fig. LXXXVL); arms unbranched. 
Deep folds lie at the angles of all thecal plates, directed towards the 
angle, and not passing at right angles across the middle of the sutures, 
thus differing from hydrospires of Eublastoidea and from pectinirhombs ; 
Beyrich imagined them to be separated by suture from the rest of the 
plate, and Qrant described a membrane [? a film of epistereom] covering 




FiQ. LXXXV. 

Analysis of cap of PdUuocrinus, ghowins the axial 
folds of the plates. R radianal. 
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them. Bajdriicnnu»y Schnur in Steininger (1849), Devonian, Eifel ; usu- 
ally made a synonym of Homocrinus, but separated by Zittel (1879), Bather 
(1893), and Jaekel (1896) ; differs from Palaeocrinus only in the occa- 
sionally wider radial facet and rather more de- 
veloped anal tube, in which points it approaches 
Homocrinus, Family 3. Euspirocrinidae. 
Cyathocrinoidea with anal x hexagonal or 
heptagonal, resting on post. B, but rising 
above level of RR; with RA pentagonal, 
resting on post and r. post BB, supporting 
X on one side, r. post R« on the other, and 
a plate of the anal tube {rt) sunk into the 
cup between them ; anus at end of a massive 
anal tube ; post O a madreporite ; arms 
dichotomous, axial canal not separate from ven- 
tral groove. Genera — EuspirocrtnuSy Angelin 
(1878; see Bather, 1893), Ordoviciau of 
Canada, Silurian of Gotland (Figs. LXXXVII. 
and XXXVIII.). The usual text-book figure 
of E. spiralis is reversed. Closterocrinus, Hall 
(1862), and Ampheristocrinus, Hall (1882), 
both Silurian, N. America ; 3 IBB ; imper- 
fectly known (Fig. LXXXVIIL). The anal 
area of the family resembles that of the 
advanced Dendrocrinoidea. Family 4. Sphae- 
ROCRINIDAE. Cyathocrlnoidea, with 3 anal 
plates as in Euspirocrinus, but differing in 

that RA IS comparatively large, x not rising posterior radius, the arm of 
above RR, rt emaU and not. or hardly at all, -^^ 'l'^'""^- ^^^'_ 

rising above RR ; post. O a madreporite ; (Based on specimens belonging 
** . . ' .\ , . ^. T, ' to Dr. G. J. Hinde.) x J 

arms isotomous ; axial canal separate in rJr diam. 2, optical section across 

and R. QeneTA-^Sphaerocrinus, C. F. Roemer » brachial (Br), showing reia. 

_ _. ^ -r»i ««.« * tions of covering • plates (c.v). 

(1851; for history see Bather, 1892; for x 4 diam. other lettering as 

structure, Jaekel, 1895), Devonian, Germany "®"*^- 
and England ; the anus pierces the tegmen directly through a ring 
of small plates. Parisocrinm, W. & Sp. (1879), Devonian of Ger- 
many, Carboniferous of England and N. America (Fig. XXVI. 6), has a 
well-developed anal tube of hexagonal plates, which are folded at the edges. 




Fig. LXXXVl. 

Porocrinus Smithi. 1, partial 
reconstruction, seen from right 



4^<^M 




Fig. LXXXVIII. 
Analysis of cup of Aviplieriatocriwis. 



Fig. LXXXVII. 
Analysis of cup of Euspirocrinus sjdrcUis. 

Family 5. Ctathocrinidae. Cyathocrinoidea, with no anal except jc, 
which is in line with RR^ and usually supports a lai^ge tube ; post O a 
madreporite ; arms isotomous, axial canal separate or not. Genera — 
Cyathocrinus, Miller (1821 ; see Bather, 1892-93, for full revision and 
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details), Silurian to Carboniferous, world-wide. This, being the best 
known genus of the sub-order, demands closer description. The dorsal 
cup (analysed in Fig. LXXXIX. 5) consists of: 6 equal IBB; 5 large 
BB, all hexagonal except post B, which is truncate above ; 5 shield- 
shaped RR, each with a facet usually \ width of plate, the articular 
surface being either smooth and imperforate, or having a slight transverse 
ridge pierced by the axial canal (Fig. LXXXIX. 2); a square anal x^ in 
line with RR and resting on truncate post B. Tegmen consists of 5 O 
resting on the incurved shoulders of RR, and surrounding a pentagonal 




IB— o cr^o o o 



Fio. LXXXIX. 

CyotAoeriniM. 1, C. muttibracAiatiM, seen flrom posterior. (Brit. Mns. B54S2.) 2, radial 
of C vMwceiuif, showing articular facet, x 2. 8, Joint-surflMe of colymnal of C. aeinolit&Mf, 
X 2. 4, joint-surCsce of a brachial of same, with covering-plates in position, x 9. 5, analysis 
of the cup. cue, axial canal ; /, Ailcral ridge ; i, intercalated plate ; ^, Joint-snrface ; 2.ci and 
2.e3, the twp halves of a covering-plate of the left side ; nn, nodals ; t.c\ proximal half of a 
covering-plate of the right side ; t, anal tube ; v. 9, ventral groove. (2-5 after Bather.) 

peristome (Fig. XXXIX. 1); post. O being large, conspicuous, and pierced 
by numerous water -pores, the other O being smaller and often almost 
entirely hidden, partly by ambulacrals resting on the apposed edge of all 
O, partly by small interambulacrals (Fig. XXXIX. 2). The proximal Amb 
meet over the peristome and often grow to a large size, sometimes fusing 
and simulating orals (for which elements they are taken by W. & Sp., 
see Fig. XLIII.). The anal tube consists of more or less hexagonal plates, 
arranged in fairly regular longitudinal rows ; it varies greaUy in width, 
length, and width of lumen ; the anus is at its distal end ; the plates may 
be slightly folded, but are not transversely elongate, nor are there pores, 
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or cy«ii the appeaiances of porat, between them (Fig. XXVI. 5). Arms 
dichotomise 5>7 times, and in each series there are more brachials in the 
admedian branch of the dichotom (Fig. LXXXIX. 1). The covering-plates 
are well developed ; in their simplest form they are conical, in both out- 
line and longitudinal section, regularly alternating, and each reaching 
about \ across the ventral suiface ; each covering-plate may, however, be 
transvcmely divided, and the parts may come to be arranged in a manner 
too complicated for description here (Fig. LXXXIX 4). Stem round, 
with lumen usually 6-lobed ; stem and lumen vary in width ; columnals 
low, usually alternating in thickness and height^ the smaller ones being 
those last formed; joint-sur&ce radiately striate (Fig. LXXXIX 3); no 
longitudinal sutures and no cirri (TuioertntM, Angelin (1878 ; em. Bather, 
1893), Silurian,. Europe and possibly 
America (Fig. XC. ; see also Figs. VIIL, IX., 
and XLL); connected with Fakufocrwiu; 
one or two pairs of IBB usually fuse ; cup- 
plates have clear axial ridges ; distal mar- 
gins of Br usually project ; anal tube com- 
pressed antero-posteriorly, its plates trans- 
versely elongate and folded. ilrac^npertniM, Meek & Worthen (1866), 
Silurian to Devonian, America and Europe ; small cup and heavy arms, 
which, together with anal tube, spread out horizontally from the cup. 
Lecy^AoenniM, Miiller (1858, em. Zittel, 1879 = TaxMrvrntA briareuSy 
Scliultze, 1866), Devonian, Eifel ; stem subquadrangular, with one large 
central and 4 smaller peripheral canals (cf. Cupressocrinidae). Fahilt 6. 
PXTALOCRINIDAS. Cyathocriuoidea without x in dorsal cup, and with 




Fio. XC. 
Analysis of cup of 6U$oeriiMu. 




Fio. XCI. 

Rttalocnnu*. 1, partial reoon- 
struction of P. mirabUU, with one 
arm removed to expose radial 
facet, and other arms devoid of 
covering-plates; the root is im- 
aginary, X 2 diam. 2, section 
acrosM four grooves of an arm-fan, 
showing traces of the original 
sutures (s) between them, covering- 
plates (cp) closed and open, also 
stages in the separation of the 
axial canal (a.c) from the ventral 
groove {v.g\ compare Fig. VIII., 
X 5 diam. 8, articular facet of 
arm- fan of P, visbyceyisi* .- m, 
muscle -fossa; 2, dorsal ligament- 
fossa; r, ftilcral ridge, x §. 4, 
dorsal view of cup and proximal 
regions of arms of P. mirabilis: 
Br, arm-fkn ; St, proximal colum- 
nal; other letters as usual, x 8 
diam. (3 and 4 are after Bather.) 



fused into solid arm-fans. Genus — Petahcrinus^ Weller (1896), 
Silurian, Qotland and N. America, appears to have been derived from 
Afoehnocriniu by lateral fusion of the rami of each arm to form a blade 
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or fan articulated to the R bj a singk IBr (Fig. XCL, see Bather, 1898X 
Family 7. Cbotalocrinidak. Cyathoerinoidea with cap ai in OfoAhi^ 
crmui ; anal tube when present eonatmcled like that of Gi ta oer mi u; 
tegmen almoet entirely compoeed of Amb, eome of which are much 
modified ; the orals teem to have been covered by these and to have 
atrophied, except poet O, which remains as a conspicnons plate, ap- 
parently madreporic (Fig. XCII. 3) ; the entry of Amb into the tegmen is 
connected with the shortening up of proximal portions of arms, so that 
IBr, IIBr, IIIBr, and sometimes IVBr, all partially rest on R, and are 
firmly united by suture with it (Fig. XCIL 1). Arms repeatedly iso- 
tomous ; axial canal distinct, except sometimes in extreme distal region. 





Fuj. XCII. 

CrotolocnuiUae. 1 and 2, EHoUocrinM scriplus (after Wochsia. ft Spr.X 1* posterior view 
of cup and ann-baaes. 2, enlarged view of more diMtal portionn of aniiH ; a flroni side, b from 
back, Bbowinp cornice-like projections. S, tegmen of Crotalocrinns puleher, fh>ni a specimen at 
Stockholm. The arm-branclies are united by the lateral processes of the brachials, the spaces 
between being rppresented in solid black ; the interradii (IR), along which adjacent anus unite, 
appear as five depresseil lanceolate areas, in the posterior of which lies the short anal tube (As) ; 
the axial canals (a.c) are separate from the ventral grooves (v.g)\ the latter are protected by 
covering-plates (c.p), which become larger towards the centre, and four proximal ones (P) meet 
around the madreporite (M), x 2 diam. 



Stem large, round, with wide lumen (Fig. L. 1, 3, 4). All Silurian. 
Genera — EnaUocrinus, d'Orbigny (1850), Qotland and England ; arm- 
branches distinct, often with a pronounced cornice at distal margins of Br 
(Fig. XCII. 2), in this as in other respects closely resembling Gissocrinus. 
CrotalocrimiSf Austin (1842; syn. Anthocrinvs, Mliller, 1853), Gotland, 
England, and N. America ; arm-branches united by lateral processes from 
each Br, so as to form a flexible network, which may be continuous all 
round the crown, or divided into 5 broad arm-fans. The family is referred 
to the Camerata by Wachsmuth and Springer (1888); but the resemblance 
to Marstpocrinus is homoplastic, and the connection with Cyathocrinidae 
scarcely admits of question. The Crotalocrinidae might be called the 
Adunata of the Dicyclica, just as Platycrinus and its allies are of the 
Monocydica. Family 8. Codiacrinidab. Cyathoerinoidea with no anal 
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plates in dorsal cup ; with dichotomous arms relatively slightly developed. 
Genera — Codiacrinus^ Schultze (1867 ; FoUniann, 1887), Devonian, Ger- 
many (Fig. XCIII.). LecythiocrinuSf White, 
( 1880), Coal Measures of Illinois and Kansas. 
Both genera little known ; Godiacrinus is 
compared by Schultze with MyrtillocrinuSy 
by W. & Sp. with Achradocrinus, Family 9. 
CuPKEssocuiNiDAE. Cyathocrinoidea with 
no anal plates in dorsal cup ; anus piercing 
tegmen ; arms unhranched (or [?] forking few 
times) ; stem square in section, with an axial and 4 peripheral canals (cf. 
LecythocrintUf p. 176). Genera — CupressocriimSf Goldfuss (1826 ; synn. 
HcUocrintu & CypeUocriwai of Steininger ; see W. & Sp., 1886, and 
Neumayr, 1889), Devonian, Germany and England (Fig. XCIV.). A 
massive form with basin-shaped cup ; IBB fused (by some held to be a 
proximale, Fig. XCIV. 3) ; a stout arm, composed of a few lar;,'e Br in 
single series, rests on a facet the full width of each R ; large ambulacrals 
cover the arm-grooves and are taken for pinnules by Zittel ; the solidity of 
the close-fitting arms renders a plated tegmen unnecessary, but the 5 orals 



Fio. XCIII. 

Analysis of cup of Codiacrimis 
Schultzei. * showH poHition of anus. 




Fia. XCIV. 

CupressocrinuB (after L. 
Schultze). All two-tliirdH nat. 
size. 1, C. inflattis, complete 
crown. 2, C. abbreviatus, ventral 
surface of calyx, slightly modi- 
fled ; shows " consoliilating ap- 
paratus" of tive ])late8 (A), here 
regarded as omls, between which 
are the passages (v.g) for organs 
of the ventral gniove other than 
the food-groove ; a.c, axial canal 
of radial ; As, passage for rectum. 
3, infrabasal circlet of same, from 
bielow, showing sutural surfaces 
(s) for basals, axial canal, and 
peripheral canals (p.c). 



characteristic of Cyathocrinoidea are retained as a frame (" consolidating 
apparatus" of authors) around the ventral surface of the cup, post. O 
being larger than the others and pierced for the rectum (Fig. XCIV. 2). 
MyrtillocrintLSy Sandberger (1855, syn. AncyrocriniiSy Hall, see p. 134, 
Fig. LI.), Devonian, Germany, and N. America ; may have closer affinities 
with Gasterocomidae. Family 1 0. Gasterocomidae. Cyathocrinoidea with 
anus in side of cup, at a level varying with the genus, either above or 
below X, which is always within limits of cup. Arms apparently small, 
borne on a narrow horseshoe-shaped facet, with distinct axial canaL 
for most part covered by Amb, post. a large madreporite. IBB small, 
often fused into 3 plates or I. Stem usually of Cupressocrinid type. 
Genera — Gasterocoma, Goldfuss (1839, W. & Sp., 1886 ; Jaekel, 1895 ; 
synn. EpouAocrinus and CerarMicrinus^ J. Miiller, 1855), Devonian, Ger- 
many ; anus below x^ which is in line with KK ; IBB fused into one. 
Nanocrinus, J. Miiller (1856, Schultze, 1867), Devonian, Eifel ; like 

12 



I7« 



THE CRINOIDEA 




Aiutlyiif of cup of ^ckradoerimM 



G^cuferwxmia^ but ant Rtmall, without facet; r. ant R with 2 facets. BctHMh 
crinui^ Jaekel (1895), Devonian, Eifel ; ttill more bilateral, in that ant 

and L ant RR are larger than the rest, and 
alone bear arms ; anas below r. post R, 
and % between post B and r. post B. 
A^raAoerinm^ Schultze (1867), Devonian, 
Eifel (Fig. XCV.) ; x below anus, and 
resting on post B ; IBB 5 ; stem round, 
with single canal Hypoerinttf, Bejrieh 
(1864X Carboniferous, Timor ; differs from 
Ai^Tcydjocrinut in having IBB fused to 3 ; referred by most authors to 
Cystidea Aporita. 

Sub-Ordeb 2. Dendrocrinoidea. Dicyclica Inadunata with a thin 
flexible tegmen, or with the ventral surface almost entirely occupied by 
a large anal tube or ventral sac (the latter name being needed if the 
extension contained more than the mere rectum) ; orals inconspicuous or 
entirely atrophied in the adult ; no madreporite ; radial facet often wide, 
so that the distinctness of arms from dorsal cup is not maintained ; arms 
dichotomous, the dichotomy often irregular, leading up to a pinnulate 
stage. 

Whereas the genera of the Cyathocrinoidea all have the arms either 
quite distinct from each other above the level of the patina, or at least 
not united by supplementary plates, the Dendrocrinoidea gradually attain 
a stage of development in which the arms are thus partially united. 
Below this stage we may draw a somewhat arbitrary line, separating the 
former as a grade, Distincta, from the latter grade — ^Articulata. This 
line happens to correspond with the break between Palaeozoic and 
Mesozoic time. We deal first with the Dendrocrinoidea Distincta. 
Family 1. Dendrocrinidae. Dendrocrinoidea with regularly dich- 
otomous, non-pinnulate arms, with anal x, and large RA in its 






JIferoerintu. 




Ottauxrerinita. 



Dendroerfntw. 





jyomocrtnia. Fio. XCVI. 7%<noroeKniu. 

Dendroerinidae. Analyses of oapt. 

primitive position as inferradial (Fig. XCVL); stem quinquepartite. 
Qenera — JlferomniM, Walcott (1883), Ordovician, N. America and England, 
resembles /omniM (p. 145) in all but the presence of IBB ; anal tube^up- 
ported by the left shoulder of r. post lU. OftoiMimniij^ W. R Billings 
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(1887)| Ordovician, Canada ; x rests on post B, RA immediately above 
r. post B ; r. post B« is above general level of RR and may be IBr^. These 
two genera suggest that RA of Dicyclica may not be strictly homologous 
with RA of Monocyclica. BtnitiiCTinuAy HaU (1852), Oixlovician and 
Silurian, N. America ; large anal sac with folded plates making wide anal 
area in cup (see also Fig. XXVI. 2, 3). BonioeriniM, Hall (1852. em. 
Bather, 1893), Silurian and Devonian, N. America and Europe ; RA 
rhomboid and smaller. Thenarocrinus, Bather (1890), Silurian, England ; 
large sac, anal area widened by RA sinking between BK Family 2. 
BoTBYOGRiNiDAE. Dendrocrinoidea with arms bifurcating in two main 
rami with armlets or pinnules ; RA usually small and quadrangular 
or absent This family connects Dendrocrinidae with Decadocrinidae, 
and it is difficult to diagnose it so as to include all of the closely 
related forms. Genera — Hotryocrinus, Angelin (1878, em. Bather, 1891 ; 
syn. SicyocrintUf Aug.), Silurian and Devonian, Gotland, England, Canada ; 
small RA, lai^e anal sac, often coiled ; arms range from irregularly 
dichotomotts, through ramuliferous, to pinnulate (Fig. XCVII., see also 
Figs. III., XIII., and XXL). Oothocrinus, Bather (1893), SUurian, Gotland, 
has a cup like Dendrocrinus with ramuliferous arms. Mcutigocrinus^ 
Bather (1892), Silurian, England, has very long, finely dichotomous arms, 







Fia. XCVII. Fig. XCVIII. 

Analysis of cup in Botryoeriniu. Analysis of cup in AtdestocriMiit. 

no BA (for anal sac, see Fig. XLVIII.). Gcutrocrinus and Bhadinocrinus, 
Jaekel (1895), Devonian, Germany, are, respectively, like a Botryocrimui 
with cirri in whorls of 5 (Fig. XVII. 1), and a Gothocrimis with minute 
ramules. Coamocrinus, Jaekel (1898), Devonian, Germany and N. America, 
has broad cup of Botryocrinus type, arms pinnulate, and with ramuli on the 
inner side of the two main rami. Vasocrinua^ Lyon (1857, em. W. & 
Sp., 1879), Devonian to Carboniferous, N. America, scarcely differs from 
BotryocrinvM. Barycrinua^ Meek & Worthen (1868, em. W. & Sp., 1879), 
Carboniferous, N. America and England, has heavier cup-plates and large 
stem-lumen. GonwcriniAi, Miller & Gurley (1890), Waverly Group, 
Iowa, has no RA, and has cirri like Oastrocrinus, AUlestocrinus, W. & Sp. 
(1886X Carboniferous, N. America, is distinguished by absence of an arm 
from ant R; large RA supporting rt (Fig. XCVIII.) ; arms ramuliferous. 
StrepiocTVMUy W. & Sp. (1886 ; redescr. Bather, 1893 ; syn. Ophiocrinus^ 
Ang. non S«jter), has branched arms, coiling inwards, with pinnule-like 
processes arising irregularly from sides of Br ; no RA, anal sac coiled. 
Family 3. Lophocrinidae. Dendrocrinoidea with only 1 ramus to each 
arm, with ramuli springing from the alternate sides of every second Br ; 
with no RA, but x supporting on its shotdders 2 plates of a delicate 
anal sac. Genus — Lopkocrinusy H. v. Meyer (1858 ; redescr. Jaekel, 
1896 ; syn. 9 CardtuxrinuSj v. Koenen), Upper Carboniferous, Germany. 
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A similar evolution of ann-ttmctiire to that seen in Botiyocrinidae 
produced a long series of genen with pinnulate arms^ for the most part 
clearly forking into two rami, and rarely branching more than once 
again, but in some genera branching more often. All at first had an 
anal area more complicated than that of Dendrocrinus, in that a fresh 
plate (r<) was inserted between x and r. post R so as to rest on RA, 
while a corresponding plate (/f) appeared on the left of z. Familt 4. 
ScAPHiocRiNiDAE ( = Poteriocrinidae, Anctt, greatly restricted). Dendro- 
crinoidea with dichotomous, usually much branched, pinnulate, stout arms, 
with facet occupying nearly full width of R ; with x» RA, ri^ and U^ in 
anal area of cup, supporting a large plicated sac (Fig. XCDL). Carbon- 
iferous of N. America and Europe, a few Devonian. Genera — Seaphuh 
crinui, Hall (1858, em. W. & Sp., 1886 ; synn. Hydriocriniu, Trantschold ; 
AbrciocrinuBj Mill. & GurL), and PoUriocrinus^ Miller (1821, em. W. & Sj)., 
188 IX differ in little but the greater definiteness and less width of the 
facet in the latter ; each has a long anal sac (Fig. XXVl. 4). Woodocrinus, de 
Koninck (1854 ; synn. PhtlocrinitSf de Kon. ; Pa^hylocrinm, W. & Sp.), has 
shorter cup, arms, and sac In A'ulocnnus, W. & Sp. (1897), the sac forks. 
Zeacrinus, Hall (1858, em. W. & Sp., 1886), has a short, stout sac, around 

Poterioerimts. Fio. XCIX. Zeacrinus. 

8capliiocrini(lae. Analyses of cups. 

which the wide arms fit closely. Coeliocrinus^ White (1 863), and Hydrewno- 
crinus, de Kon. (1858), differ from Zeacrinvs in having the sac respectively 
balloon-shaped and mushroom-shaped. Burtacrinus, Meek & Worthen 
(1861 ; syn. Synyphocrinus, Trautschold), has arms like Zeacrinui^ but no 
anal except x in the cup ; it is in the latter respect the morphological 
equivalent of Oraphioerinus (infra). Family 5. I^ytalbcrinidae. Den- 
drocrinoidea with forked, pinnulate, slender arms ; anal structures as in 
Scaphiocrinus, Gtenera — ScytaUcrinus, W. & Sp, (1879, syn. D<ictylocrinu8, 
Sladen non Quenst.), and Decadocrinus^ W. & Sp. (1879), both Carboniferous, 
differ chiefly in shape of cup, conical in the former, saucer-shaped in the 
latter, which thus leads on to : Family 6. Graphiocrinidab. Dendrocrin- 
oidea with forked pinnulate aims and saucer-shaped cup, concave at base, 
and containing x^ but no RA (Fig. C). In many points resemble the earlier 
Encrinidae, but have not such thick cup-plates or large muscle-fossae. 
Middle and Upper Carboniferous. Genera — Oraphioerinus^ de Koninck 
(1853), Amocrinu8y Miller & Gurley (1890), DdocrinuSy Miller & Gurley 
(1890 ; syn. Ceriocrinus, White non Desor). In this and the succeeding 
families the biserial arrangement of Br first assumes prominence ; it had 
already appeared as an occasional gerontic character at the distal end of 
the rami, but now is found in all except their most proximal portions, 
accompanied by shortening of the arm. Family 7. Cromyoghinidax. 
Dendrocrinoidea with simple or bifurcating, stout, pinnulate, usually 
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biserial arms ; with cup- bowl- or saucer-shaped, coiriposed of stout plates, 
RR having muscle-fossae gradually more pronounced ; with % always, &nd 
RA usually, present in cup, RA often supporting rf (Fig. C). There is 
much confusion in the nomenclature of this and allied families, and the 
following names may not be Used in what will ultimately prove the correct 
sense. Genera — Cromyocriniis, Trautschold (1867), and Eupachycrinus, 
Meek & Worthen (1865, em. W. & Sp., 1886), Middle and Upper Car- 
boniferous, Europe and N. America, are closely allied ; x, RA, and rt in 
anal area. AgasnzocrimiSy Shumard ex Trooet MS. (1853; syn. Astylocrinus, 
C. F. Roemer), Kaskaskia group, N. America, is a Gromyocrinua that loses 
its stem in adult life, while IBB fuse to a solid mass (cf. Edriocrifitu, 
p. 191). TribraclUocrinuSj M*Coy (1847, redescr. R Etheridge, fil., 1892 ; 
syn. Penladia, Dana, par8\ Permo-Carboniferous, Australia, has 1. and r. 




^.o<Korc:;d. 



o^o 



opoOocp; 



Delocnnus. 



Kiipachifcrinus. 
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Kriaocrimts, Fio. C. Tribrachiocrinus. 

Analyses of cups of Gmpliiocrinidae, Cromyocrinidae, and Eucrinidae. 

pairs of IBB fused ; single arms borne by ant., r. post., and 1. post 
RR ; whether the other RR bore arms is a moot point. Phtalocrinus, 
Trautschold (1879, em. R. Etheridge, fil., 1892, ?ion Eichwald ; syn. 
PentadicLy Dana, pars\ Permo-Carboniferous, Australia, Russia, India ; 
differs from Aenocrinus and Ceriocrinus in little but greater thickness of 
cap-plates, especially RR, and has, as they, only x in cup. Ulocnnus, 
Miller & Gurley (1890), Upper Carboniferous, N. America, has large 
RA, but very small x, which rises partly above level of RR (Fig. XXIX.). 
From these genera we pass almost insensibly to : Family 8. Encrinidae. 
Dendrocrinoidea with forked, pinnulate, biserial arms, saucer-shaped cup, 
with stout plates and well-developed muscle-fossae ; with no anals in cup, 
and with sac diminished or absent (Fig. C). Genera — Stetnmatocrinus, 
Trautschold (1867), Upper Carboniferous Limestone, Russia, has IBB fused 
into one. Eritocrinus, Meek and Worthen (1865), Lower to Upper Car- 
boniferous, N. America, has 5 small IBB covered by the stem, and x rests 
oil npper surface of adjacent r. and 1. post RR. Enerimu, C. F. Schulze 
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(1760, synn. Clulocrimu and [T| (kUathocrinui^ v. Mejer, FlabeUoerinut, 
Klipstein, [?] (kugianocriniUf Laube, [?] TraunuUocnnui^ Wdhrmann, which 
^PoTOcrinui^ Dittmar non BilL), Triaa, Europe, has 6 minute IBB, a 
lofty plated tegmen, small tube, but no distinct anal plate. 

Ajiother line of evolution, probably continuing that of the Qraphio- 
crinidae, introduces the Articulate Grade of Dendrocrinoidea, of which 
the most important family and the first to appear is the Family 9. 
Pentacrinidae. Dendrocrinoidea with pinnulate, uniserial arms, forking 
once or dichotomising many times, either regularly, or irregularly so that 
the minor branches become pinnulate ramuli; with a small, usually 
depressed patina, in which IBB are often minute or atrophied in adult 
(pseudomonocyclic, or, as Bigot has recently expressed it, "ciyptodi- 
cyclic **) ; but the flexible tegmen extends some way up the arms, so 
that the proximal I Br, and sometimes some IIBr, are incorporated looeely 
in the dorsal cup ; a slight anal tube or cone, but no distinct anal plates 
in either cup or tegmen; stem pentagonal or sub-pentagonal, usually 
with cirri in whorls of 6. Genera — DcdocrinuB^ v. Meyer (1847 ; see v. 
Koenen, 1887-95), Trios, Middle Europe, has a round or sub-pentagoAal 
stem without cirri, pinnulate arms forking once, 2 IBr, which are united 
by several small iBr. Holocrinm, W. & Sp. (1886, em. Jaekel, 1893), 
Trias, Germany, has whorls of cirri, slender arms forking once, 3-4 IBr, 
not united by iBr, but tegmen stretches up to about IBr, cup high and 
constricted above. The family characters become more definite in later 
forms, which may be associated as a Sub-Familt — Pentacrininas ; IBB 
always minute or atrophied ; stem bears cirri in whorls attached to the 
epizygal of a syzygial pair ; its intemodes transversed by 6 ligament- 
bundles, which are interradially disposed and give rise to a more or less 
petaloid figure on the joint-faces \ root-attachment may exist in young, 
but is relinquished in adult (Fig. CL). Genera — PenJtacrinus^ Blumenbach 
(1804 ; synn. Polycenu, Fischer, 1811, pan; ExtracrinuSy Austin, 1847 ; 
[?] Chladocrinus, L. Agassiz; see especially Quenstedt, 1875), lias and Jura, 
Europe. Petaloid sectors of stem linear with delicately crenulate edges ; 
cirri elliptical or compressed in section, in close-set whorls ; IBB present in 
adult ; RR prolonged downwards over proximal columnals, the prolonga- 
tions being jointed ; each arm has at least 4 rami with large pinnulate 
ramules on one side only. IsocrinvSy v. Meyer (1837 ; synn. /m^ Lin- 
naeus, pars; Cainocrinus^ Forbes ; Pideticrintu, de Loriol ; Cenocnnus and 
NeocrinuSf Wyv. Thomson ; and PentacrinuSf sensu P. H. Carpenter^), 
Trias to Recent, now chiefly Caribbean and Pacific. Sectors of stem dis- 
tinctly petaloid, with coarsely crenulate edges ; cirri circular in section, 
the whorls further apart (Figs. XVI. 4, 6 ; XVII. 2, 3) ; IBB are visible 
in various Jurassic species, but become obsolete in later times (cf. Fig. XL) ; 
BB may form a complete cirolet (on which feature Cainocrintis was based), 
or may be minute and separated by RR ; IBr 2, non-pinnulate ; arms 
isotomous or nearly so ; sacculi occur sparingly. See Guettard (1761), 
J. Miiller (1843), P. H. Carpenter (1884), and Fig. XXIII. 3, 5, on p. 117. 
BalanocnnuSf Agass. in Desor (1845 ; em. de I^r. 1879), Trias to Eocene. 

^ Carpenter chose to ignore all writers on Crinoidea before J. S. Miller. For 
the history of these names, see Naiural Science, April 1898. 
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has colnmnftls of circular or basaltiform section, with crenellations round the 
edge only, not along the sides of the sectors. A ustinocrinus, de Loriol (1889), 
Cretaceous ; columnals have a joint-surface like that of ItocrinvAj but with 
finer striae radiating from the petals to the circular periphery. MetacrinuSj 
P. H. Carp. (1884), W. Pacific, differs from Isocrinus in having 6-8 IBr, 
of which IBrj and 3 always, and IBr^ ^nd a usually, are united by syzygy, 
while each, except IBr^ and the hypozygals, bears a pinnule ; BB form a 
complete circlet The members of this sub-family live in colonies, but 
can move about and anchor by the cirri at the distal end of the stem. 




Fio. CI. 

Pentacriniime. 1, 2*eiitacrimu/otsUi*, portion of stem, patina, and portion of arm, showing 
rami, ramali, and pinnnles (f X 2, the saiiie ; portion of a eirms and articular facet of a cirral. 
8, the oorresponding parts of IsocHmu oiteria, 4, Metaerintti MoteUyi, cup and proximal por- 
tion of an arm. 5, laoerinw pefidnlus. cup seen ftom below, with portion of stem, bearing cirri, 
still attached to it, and with proxitiuil brachials. 6, a radius of the same, showing isotoniy of arm. 
7, laocrinui amMysoaZari«, Joint-Nurrace of an intemodal columinal. 8, the same of JkUanocrinus 
sHbUrts. 9, thesameof PenfacriHiw/oniti/i. 10, the same of Isocrinus asteria. (From Bather, 
after P. H. Carpenter, de Loriol, von Meyer, and original.) 2, 8, 7, 8, 0, and 10 are slightly 
enlarged. 

The stem is least specialised in Bcdanocrinus^ most in Pentacriiius^ in 
which it attained a length of 18 feet (Quenstedt thought 70). Family 
10. UiMTACRiNiDAE. Deudrocrinoidea in which the arms fork once on 
IBr^ are long and pinnulate, with numerous syzygies, and are incor- 
porated in their proximal regions, together with proximal pinnules, in 
the dorsal cup, by means of iBr, illBr, and interpinnulars ; there is 
no stem, but a centrale. Genus — UintacrinuSy Qrinnell (1876), Upper 
Cretaceous, N. America, Qermany, and England (Fig. CIII.), has a rela- 
tively large flexible the(:a and long arm& It was free-swimming and 
possibly pelagic IBB usually obsolete. For detailed account, see Bather 
(1896). Family 11. Marsupitidae. Dendrocrinoidea (7) with pinnulate 
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amis, short in proportion to cup, borne on a sharply defined radial facet, 
and forking on IBrj (further branching unknown) ; they are loosely 





1 Fio. cm. 

VinXacThwA •mta/i^, Upper Cretaceous of America, % iiat. size. 1, from the side. 2, from 
below, c, ceiitrale; 7/, basals ; /i, radials ; llii'i, first primibi-ach ; Ar, priiiiaxil ; 1, 2, 8, etc., 
MecundibrachH, beariiifc 0, pinnules, some of wliieh are included in the walls of the cup, viz. 
/.7). ; »^ Hyzygy. Ilie intercalated plates, which biml these elements together, are shaded. 

united by iBr, but do not merge in the dorsal cup. Cup large, com- 
posed of 5 RR, 5 £B, 5 IBB, and a large centrale, with no trace of a 
stem. Genus — Marsupites, J. S. Miller ex Man tell MS. (1821 ; synn. 





1 Fio. civ. 2 

Mar^nipUw testudinaritis. 1, the cup from the side, showing the character of tlie ornament ; 
(from Krit. Mus. siiecinien, B2018), x g. 2, the radials and proximal region of the arms (from 
Brit. Mus. 5482), nat size. C, centrale; /, fulcral ridge of mdial facet; p, pinnules; «, 
syzygies. Other letters as usual. 

Situho-iaj Cumberland ; Marsupiocritms^ de Blainville), Upper Cretaceous, 
England and Germany (Fig^ CIV. ; see also Fig. XVII. 4). The relations 
of the genus are not yet cleai*. Family 12. Bathycrinidae. Dendro- 



i86 



THE CRINOIDEA 



crinoidea (?) in which the arms fork onee on IBr, ; IBr^ i^^d s *>>d ^ 
IIBr, except IIBr,, ^ ^aA^^^ united in pain hj tri£ucial artieiilatiGB 
{p,yud Carpenter, see Fig. XXIIL 2), which may hecome sjzygial {.mgmd 
Danielssen) ; only the distal brachial of each pair bears a pinnnle, and 
there are no pinnules on the first few pairs ; the arms are loosely incor- 
porated in the cup to half-way up IIBr^ ; lax has large musde-fossae on 
strong wing-like processes (cf. Fig. XVilL 6). BB fused in adult to a 
single discoidal ossicle ; HR also become closely united ; IBB obsolete. 

Interambulacral areas of tegmen contain 
scattered small plates, and sometimes each 
has a large plate, which may be an oral. 
Columnals dicebox- shaped and twisted, 
with bifascial articular surfaces ; each 
said by Danielssen to be formed by 
fusion of two columnalB ; those in the 
younger, proximal region are thin and 
discoidal. The root branches. Qenus — 
J^^ycrtniM, Wyy. Thomson (1872; see 
P. H. Carpenter, 1884, and Danielssen, 
1892; syn. J/ymniM, Danielssen & Koren, 
1877), North Atlantic and Southern 
Ocean, at 750-1600 fathoms (Fig. CV.). 
Carpenter places this in the Bourgueti- 
crinidae on the grounds of its resem- 
blance to Shizocrintu, while admitting 




Fia. CV. 

liathycrintu. 1, crown of B. Aldri- 
chianus, iiat. size (after P. H. Car- 
penter). 2, 8, and 4, B. Carptnteri 
(after UanielMen). 2, new xmdials and 
arnig on an old base and stem, x 4 
diani. 3 and 4, stem fhtginents, nat. 
size, pn, pinnules ; rt, root • cirri ; 
Sti, proximal region of stem; at.i, 
nieilian ditto ; S^si distal ditto. 




Fio. CVI. 

Transverse section of the dorsal nen'ous 
system in Batki/crinus CarpenUri, diagnun* 
matised firom Danielssen. IRf interradial cords 
which pass up between radials ; £, radial cordM, 
connected by re, the ring-commissnre. 



that ^the differences between the two genera are much greater than 
their resemblances." If the absence of a proximale have the value 
claimed for it by Wachsmuth & Springer, the two genera must go into 
different orders. The interradial axial nerve-cords correlated with the BB 
fork first within the sutures between BR, and, in Carpenter's opinion, the 
basi-radial strands take the place of a ring-commissure ; but Danielssen 
describes a ring-commissure (see Fig. CVI.). There 'are 3 water-pores 
in each IR. The crown separates very easily from the BB and stem, 
and may be replaced by a fresh crown (Fig. CV. 2). Sacculi occur. (See 
also Fig. LIII.) 
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Order 2. FlttzibUiA, Zittel 
( = Artictjlata, W. & Sp. mm Miiller). 

Dicydica in which proximal Br are incorporated in the dorsal cup, 
either bj their own sides, or by iBr, or by a finely plated skin, but 
never rigidly ; plates may occur between RR. Tegmen flexible, with 
distinct Amb and numerous small iAmb ; mouth and food-grooves remain 
suprartegminal and open. The top columnal is a persistent proximale, 
often fusing with IBB, which are frequently atrophied in the adult. 
Arms n<Mi-pinnulate (Qrade Impinnata), or pinnulate (Grade Pinnata), 
but always uniserial. 

As in the case of the Distincta and Articulata among the Dicyclica 
Inadunata, so the line between the grades Pinnata and Impinnata corre- 
sponds roughly with that between Palaeozoic and Mesozoic time. But 
in the present order the grades are more self-contained and the gap 
between them greater. lu fact, we are by no means certain that they 
are rightly described as mere grades ; in other words, that the Pinnata 
are the lineal descendants of Impinnata. The two divisions may have 
arisen from Inadunata independently, springing from pinnulate and non- 
pinnulate forms respectively. 

Grade I. Iinpiimlita. 

Flexibilia, in which all plates of the crown are united by loose 
suture or muscular articulation. IBB 3, the primitive r. post remaining 
as the small unfused IB. Br usually united by waving sutures, the lower 
edge of each frequently with a projection that fits into a depression on 
the plate below, and often becomes a separate patelloid plate. Arms 
isotomous, or rami may bear ramules on one or both sides, but no 
pinnules. Ventral groove wide and shallow ; axial canal separated from 
it in proximal region. 5 0, between which food -grooves pass to the 
mouth. Stem i*ound ; proximal columnals very short, and usually wider 
than the others. 

Many of the earlier genera can be distinguished from Dicyclica 
Inadunata only by the greater thickness and more elaborate sutural 
union of their plates, and the greater width and less length of the arms. 
It is the combination of massiveness with flexibility that characterises 
the Grade. There is never an elaborate anal sac. Within the Grade 
Impinnata can be traced the evolution of heterotomous arm-branching of 
two types, also an increase in number of iBr. The genera seem to 
merge into one another, and are as yet too ill-defined to be grouped into 
families on a sure genetic basis. The following arrangement represents 
similarities of structure rather than lines of descent. 

Family 1. Ighthtogrinidae. Impinnata with no iBr, withisotomous 
arms, closely abutting by their sides. Genera — Pycnasaccus, Angelin (1878; 
syn. Oncoeriniu, Bather), Silurian, Gotland, England, and N. America, has a 
cup like that of BarycrinuSj with x and RA, and with strong axial folds 
(Fig. CVIL); arms, though abutting above, are distinct below and do 
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Fio. CVII. 

Analynis of cup in Pyenoioeeut, 
(After Bather.) 



not interlock ; columnals solid, moniliform, alternating in thickness. 

Lecanocrinug, Hall (1852), Silurian and Devonian, N. America and Europe, 

differs only in greater smoothness of 
cup and approximation of arms, 
which may even interlock by the 
alternating edges of the Br. Cyrtido- 
crinus, Angeliu (1878), only known 
from cup, which appears to be like 
that of Leeafiocrinus, but is said to 
have 4 BB. aidochirus, Ang. (1878), 

Silurian, Qotland ; arms abut, but do not interlock ; no RA, but 3 anals 

in vertical series rest on truncate postB. Mcspilocrtnus, de Koninck 

(1853), Lower Carboniferous, Belgium, England, and N. America, differs 

from last-mentioned in having each arm curved 

over to the right, so that they all fold with a 

sinistral twist (as seen from above) ; IBr^ wedge- 
shaped, broader on left. Nipterocrintis, Wachs- 

muth in Meek & Worthen (1868), Carboniferous, 

N. America, should perhaps come here. Ichthyo- 

cri?iu8y Conrad (1842), Silurian, N. America and 

Europe, has no anals ; arms abut all round and 

interlock by edges of Br (Fig. CVIII.). Family 2. 

Gazacuinidae. Impinnata (?) with a single large 

iBr in each interradius, the posterior (anal) resting 

on truncate edge of large post. B ; arms isotomous ; 

tegmen of 5 of Cyathocrinoid type, surrounding 

a peristome which is covered by fused proximal 

Amb, and supporting Amb along their edges ; 

food -grooves fork on the tegmen (Fig. CIX.). pj^ cviii. 

Genus— Gazacrinus, S. A. Miller (1892 ; syn. umyocHnus pirijbrmis, 

IdiocrtnuSj W. & Sp.), Silurian, N. America, is syg^»tiy restored from Brit, 
r J ^ xi- /-I .. -c -1 T^- • -1 Mus. 40214. (Nat. size.) 

referred to the Camerate Family Dimerocnmdae 

by W. & Sp. (1897). Its dorsal cup does not differ essentially from that of 
Anisocrimis (infra), but the number of IBB is uncertain. The tegmen. 




UBr 




GoMxcrinus. (DiagraniTnatised fh>m Wachsmuth & SpringerX X 2 diam. 1, (?. inomcUtiSt 
tegmen with almost all ambuUcntls removed. 2, G. ventriconut dorsal view. 8, same, side 
view, with proximal ambulacrals (P) in position. As^ passage for rectam through posterior 
oral ; v.g, ventral grooves passing between edges of orals. Other letters as usual. 

scarcely of either Flexible or Camerate type, suggests recent descent from 
^nadunata. Family 3. Taxocrinidae. Impinnata with iBr, which usually 
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are few and have the proximal larger than the rest ; with isotomous 
arms which may abut but do not interlock ; anals form a well-defined 
vertical series. Genera — Gnorimocrinus, W. & Sp. (1879, enL Bather, 
1899), Silurian, Gotland ; arms distinct^ with 0-4 small iBr, and 
sometimes a few ill Br ; post B reaches up to top of patina, between 
it and r. post. R is a RA, supporting the greater part of x, which bears 
a vertical series of 1 or 2 rows. AnUocrinus Angelin (1878), Silurian, 
Gotland, has abutting but not interlocking arms, a very large proximal 
iBr, with small triangular piece above ; x differs from iBr only in 
resting on truncate edge of large post. B ; no RA. TaxocrinuSf Phillips 
in Morris (1843; synn. liocrimn, Phill. nwi v. Meyer; CladocrinuSy 
Austin non Agass. ; Eunjalecrinvs, Aust. ; ForhesiocrimiSf de Kon. non W. 
& Sp.), Silurian to Carboniferous, Europe and N. America, has arms 
more distinct, with few or no iBr, and occasional small illBr and illlBr ; 
anals form a vertical series resting on truncated post. B, and seem to 




Pro. ex. 

Diagrams of the arm-branching in Taxocrinidae and Dactylocrinidae. 
1, Taxocrinus tubereulutiu ; 2, Lithocrinus ; 8, Calpiocriniis ; 4, Dactylo- 
crinus: 5, Synerocrintu : 6, Onychocrintu exsculpttu. These do not form 
a continuous evolutionary series, but their relationship may be indicated 
thus— 




-2 — S 



have supported a small free tube (Figs. CX. 1, and XXXVII.). Homalo- 
crinusj Ang. (1878), Silurian, Gotland, has very small BB, abutting arms, 
large proximal iBr, followed by 1 or 2 in vertical series, occasionally 2 
illBr, anals as iBr but resting on post B ; except for the isotoniy of its 
arms, this genus closely resembles Calpiocrinus, Family 4. Dactylo- 
crinidae. Impinnata with iBr either few or numerous ; with hetero- 
tomous arms, the rami bearing ramules; with anals in vertical series. 
Genera — Caljnoa-inuSj Anrr. (1878), Silurian, Gotland and England, has 
minute often obsolete IBB, but fairly large BB ; iBr few and variable, 
illBr occasionally present ; anals 3-5, x resting on the small post B ; the 
IIBr rami bear unbranched ramules on their inner sides, the proximal 
ramule much larger than the rest (Fig. CX. 3). Lithocrinus, W. & Sp. 
(1879, emend. Bather, 1899 ; syn. Forhesiocrinus, Ang. non, de Kon.), 
Silurian, Gotland, differs from Calpiocrinus in larger size of BB, greater 
number of iBr, branching of ramules; the latter characters make the 
arms less apposed to one another (Fig. CX. 2). Dactylocrinus, Quenstedt 
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(1876, baaed on Dimeroerinw oUgoptUui, Pacht ; probablj includes Arido- 
crinui or Callawayennus^ Rowley, 1895X Silurian (!) and Devonian, 
N.-W. Europe and N. America ; iBr few, proximal large ; ^ rests on large 
truncate post. B, a little to the right, and supports numerous smaller 
plates in somewhat irregular vertical series ; the IllBr rami bear ramules 
on the sides towards the middle of the dichotom, the proximal ramule 

branches again (Fig. CX. 4). 
SynerocrinuSy Jaekel (1897X 
Carboniferous, Europe, has arms 
like Dadylocrinus^ except that no 
ramules branch ; it also differs in 
having 3-8 iBr, perhaps more, with 
occasional illBr and illlBr ; x rests 
on post B (Figs. CX. 6, and CXL). 
This genus probably includes the 
Belgian species erroneously referred 
by de Koninck to Taxocrtnus nobilis 
when erecting J^ar&estomniML Euryo- 
crintu, Phillips (1836), Carboni- 
ferous, England, is probably a close 
ally, but its arms are not well 
known. OnycJiocrinuSy Lyon & 
Casseday (1859), Carboniferous, N. 
America and Ireland, has a large 
proximal iBr followed by smiJl 
plates, often numerous, merging 
with the tegmen and ventral cover- 
ing of the amis, but leaving the 
arms more free than usutil^ in the 
sub-order ; IIBr rami bear branch- 
ing ramules, either along each side 
or in clusters at end, but the 
Fio. CXI. heterotomy is always bilateral, not 

SvnerocHnus incv/rvus, from Brit. Mu8. unilateral as in all the genera just 
l!?lt«ikiS"'of'l;\'a.r'frui';^ Vk mentioned^ fact suggesting that 

radial, showing articular Rurface for flret prlmi- Onijchocrintts should form a distinct 

brach, and on either Hide the surfaces of loose - ., . , . , - .-, ,-,. 

suture with interbrachiais, x i. B, basais, family or, at least, 8ub-family (Fig. 

which pajHs under the c"P. the larger pc»terior ^x. 6) ; anals 3-5 resting on post. B 
bawl is just visible on the left; ctt, fossa for / -,. -mr^r-r-r ^ -r^ 

dorsal ligament; mf, muscle-fossa ; pT', surface (see also Fig. XVII. 4). FAMILY 6. 

\et^^Z^\.''^^^^^''^^^^^^^^' ^'^'' Sagenocrinidab. Impinnata with 

over 20 iBr, 6 or more illBr, and 
variable number of illlBr; arms isotomous or almost so, to YIBr 
or beyond ; anals not a distinct series, but represented by greater width 
or number of iBr in post. IR Genera — Sagenocrinus^ Austin (1843), 
Silurian, Europe and N. America, has RA sunk between post, and 
r. post BB, so that proximal iBr is supported between post. B and RA 
(Fig. XXlVa). In " Forhesiocrinus Agassizi" Carboniferous, N. America, 
which may be placed in this family, post. B supports 2 iBr, and there 
are considerably more iBr in this IR Patelloid plates are richly 
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developed, but are abeent from Sagenoerinui. Otherwise the two genera 
agree doaely. 

The foUowing genera are placed provisionally in the Impinnata : — 
Sdrioennut^ Hall (1659), Devonian, N. America (Fig. CXII.), when young 
is attached by BB, but is 
free-floating in adult; BB 
become fused into a bowl- 
shaped mass, supporting 5 





RR and x ; arms broad, with 

low Br, isotomous. Cleia- 

eriniUf £. Billings (1856 ; see 

W. & Sp., 1886), Ordovician, 

Canada ; IBB and BB hidden \ M yio. gxii. 

by stem ; RR small and sepa- \ jl BdrioeHniu piri/onnu, nat. 

rated by a large pentagonal if «}». rAfter Haii.) 1, flrom 

.. ,., '^ X I iTf «ide, showing concavity for 

mterradial ; arms isotomous to 1 ^/ attacliment at end of fused 

•bout VIIBr; and M «ppe« V^- B J~i. (.t^^'i;;.? Y.,*^ 

to interlock and to be joined 1 facets of radiais. 

by close suture ; post IR sup- 
ports a vertical series of anals, which reach the full length of the arms. 
Bhopaloerinus, W. & Sp. (1879), is based on ^^Taaocrinus gracilis^* 
Schultze, Devonian, Eifel ; it perhaps belongs to Dicyclica Inadunata. 

Grade 2. Pinnata. 

Flexibilia with BB and RR united by close suture, RR and proximal 
Br by muscular articulation or syzygy ; pseudomonocyclic ; arms pinnu- 
late and either simple or isotomous ; axial canal separate from ventral 
groove throughout ; lax is generally IBrg, rarely IBr^ ; 5 O present in 
early stages and sometimes in adult, but usually atrophy ; anals do not 
form part of the dorsal cup in the adult. Stem round, pentagonal, or 
elliptical in section, proximal columnak often forming a widened cone. 

This group is confined to Mesozoic and later times, and there is no 
evidence that it is descended from the Palaeozoic Impinnata ; it may be 
an offshoot from Triaasic Dicyclica Inadunata, from which it is dis- 
tinguished by the mode of growth of the proximal columnals. 

Family 1. Apioorinidae. Pinnata in which the patina consists of 5 
BB and 5 RR ; arms incorporated to a very variable extent in the cup, 
and iBr may be present ; columnals round or pentagonal in section, their 
joint-surfaces marked with radiating striae, and sometimes tubercles in the 
middle ; no cirri ; root, when present, encrusting. (For fossil forms, see 
dc Loriol, 1883.) Qenera — MiUericrimUj d*Orb. (1840 ; synn. Ceriocrinua 
and PomatocrinuSj Desor ex Eonig), Trias (?) to Lower Cretaceous, Europe ; 
IBr^ united to R by muscular articulation, and to lax by close suture ; arms 
isotomous, free from IBr, or proximal Br united by tegmen, or a few small 
iBr developed ; except for the proximale, the upper columnals are rarely 
widened (Fig. XYII. 7). In some species (Fig. LII.) the crown breaks off 
from the root, the stem is gradually resorbed, and a free-floating stage attained. 
ApioerinuSf Miller (182 IX Jurassic, Europe ; IBr^ united to R probably 
by ligamenti not by muscular articulation, and to lax by incomplete 
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syzygy ; IIBr^ united to lax by articulation ; arms isotomoue, incorporated 
in cup at least up to IIBr.^ ; iBr few and irregular ; the upper columnals 
widen gradually, and, with the prozimale, form a cone passing into the 
cup (Fig. XVII. 6, 6). Gtutturdicrimis, d^Orbigny (1840), Upper Jurassic, 
differs from Apiocrinus only in the union of II Br^ to lax by close suture, 
the incorporation of a greater number of IIBr in the cup, and the presence 




1 -Ji 

Fio. CXIII. 
QakmiocriniLS Diomedae. I, the crown and proximal portion of the stem Arom the right 
IHMterior Intorradius, x §. 2, the root, nat. size. 3, tlie interior of the basal circlet, from 
above, showing the aiichylosed sutures (<S) and the axial cords (cur) radiating trova. the central 
chambered organ, X f. (After Agassiz.) 

of more iBr ; it is the acme of this line of development Acrochordocrinus^ 
Trautschold (1859 ; synn. Cydocrinus^ d'Orb. non Eichw. ; Megpilocrinus^ 
Quenst non de Kon.), Jurassic and Lower Cretaceous; columnala only. 
Catamocrinus, A. Agassiz (1890,-92), 392-782 fathoms, Galapagos Is. and B. 
of Panama (Fig. CXIIL)i Patina distinct, owing to restriction of facet to 
I width of R ; BB tend to be fused ; RR laterally united by ligament ; 
r. and 1. post RR slightly longer than the others. IBr^ united to R by 
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muscular articulation, and to IBr^ by incomplete syzygy. Arms hetero- 
tomous ; each gives off 6 unbranching rami nearly as stout as the main 
stem, 2 to right and 3 
to left, or vtc0 verm; the 
first main- axil is the 
10th or 11th brachial, 
succeeding branches are 
at much greater inter- 
Tals ; pinnules occur 
below lAx, on IBr^, ^ g^ 
^r^ IBr^ 6. 7. 9. <^iiose 
being as a rule epizy- 
gals. There are dis- 
tinct Amb and adAmb, 
both in arms and teg- 
men. The proximal 
region of the arms is 
fixed by the tegmen, 
30 that the grooves of 
the proximal pinnules 
rise from the tegminal 
food - groove (Fig. 
XXIV.). Small iBr 

__, V ij fT>T> Tegiuen of CVoajiiocnnua Diom«dffr, with the anus and uiii- 

rest on snoulders Ot KK nules cut off down to the level at which they become fixed in 
and merse into imiser- ^® calyx. ^m&, ambulacrals or covering-plates^, A»^ anus; 
. X • A I. J ^ "*» *"^*' cMXsaX of arm ; oa^ coeliac canal of ann ; /j;, food-groove 
lOrate lAmb, and these of anterior ann where it joins the tegminal food-groove ; IBr^ 
-noofi iTifrt Tirki*;faivMio primibracli ; iAvtSb^ interambulacrals, both perforate and im- 
pasB inio ponierous perforate ; pi, first or proximal pinnule ; p2, second ; p8, third 
i Amb : 5 imperforate pinnule ; »te, Rubtentacular canal of anterior arm ; w.p, water- 
plates at the interradial ^'^' (After Agassiz), x 23. 

angles of the peristome are taken by Agassiz for (Fig. CXIV.). 
Stem long, smooth; root encrusting (Fig. CXIII. 2). Familt 2. 
BouRauETiCRiNiDAE. Pinnata in which the patina consists of 5 BB 






Fio. oxv. 

£ottfvuelicrittt(«. 1, B. aequulis (from Brit. Mus. E6705). 2, ventral view of same (from 
E6706). 8, Joint-surface of proximale (P), by which it articulates with adjoining columnal (C). 
4, vertical median section of B. eUiptUsus (after d'OrbignyX AH x 4 diam. 

13 
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forming a closed ring and 5 RR 
with high muflcle-plates ; anna in- 
corporated to a very alight extent 
in the cup ; and then only looaely 
without development of iBr ; all 
columnalfl, or idl except thoee in 
the proximal region, have eUipti- 
cal joint-surfaces with a grooved 
and toothed fulcral ridge in the 
long diameter and ligament-fossae 
on either side of it ; each colum- 
nal is twisted so that the ridge at one end 
lies at an angle to that at the other end ; cirri 
may be present at the root end or in the 
middle of the stem. Sacculi occur in recent 
forms. Qenera — Bourgtieticrintis^ d'Orbigny 
(1840), Cretaceous, Euroi)e and Alabama (Ftg. 
CXV.) ; sides of cup vertical or sloping in- 
wards above ; BB about half height of RR ; 
radial facet small, horizontal, with atiiall 
dorsal ligament - fossa ; IBr^ ^^ ^ 
connected with adjoining rays^ aiiiii un- 
known ; proximale enlarged, circular ^ colum- 
nals of proximal region circular, widening 
upwards ; those of middle and distal regions 
twisted, elliptical ; fulcral ridge continuous 
around axial canal, ligament-fossa broad and 
shallow ; cirri rare except at root Meso- 
crinus, P. H. Carpenter (1881), Cretaceous, 
Sweden, Qermany ; sides of cup slope out- 
wards ; BB short ; radial facet large^ slopes 
upwards to centre, with larger ligament- foaaa ; 
arms unknown; proximale small and circular; 
proximal columnals circular, narrowing up- 
wards ; the rest as in Bourgueticrintis, but ligu^ 
ment-fossa deeper ; cirri sometimes nuiucraus. 
Rkissocrinua, M. Sars (1864,-68; synn. Co}W- 
crinus, d*Orb. ; Democrimu, Perr.), Eocene 
to Recent ; Atlantic, 73 to (?) 1900 fathoms : 
sides of cup slope slightly outwards ; BB 
high, may be 7 times height of RR, often 
fused ; radial facet slopes upwards to centre, 
with small ligament - fossa ; IBr^ „id ^ ^^® 
laterally, arms not forking; proximale thin 
and discoidal ; proximal columnals discoidal, 
those of middle region slender, fulcral ridge 
broken at axial canal, around which the 
ligament-fossa is concentrated (Fig. XLIX. 
7) ; no cirri except at root (Fig. CXVI. ; see 




Fm. CXVI. 

[UiuocTinvt t<ifdtei^ 
th^ North SfiA, about 
twtce nftt. j<iK«. (From 
Narrui iveq/fSf Crttim 
qT ILJil-S. "Chnllen- 
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also X., XXIII. 4). Family 3. Antbdonidab. Pinnata in which th€ 
patina conaists of 5 small BB, not forming a closed circlet, and RR with 
large high muscle-plates and facet approaching horizontal ; cavity enclosed 
by RR is minute ; mouth endocyclic ; proximal Br loosely incorporated in 
cup ; columnals as in Bourgueticrinidae, but usually lost in the adult, ex- 
cept the proximale and adjoining columnals which fuse with one another 
and with IBB to form a single ossicle, the " centrodorsal," which bears 
cirri ; root when present, encrusting. and x present in brephic stage, 
but not in adult Sacculi almost always present. (See structural details of 
AiiJUdxm, Figs. IX., XV., XVIII. 2, 3, 4, XIX., XXX., XXXIII., XLVL, 
XLVII,, XLIX. 8, 9, LIV., LV.) Genera— mioWicrtcnniw, itallon (1869), 
Jurassic and Cretaceous of Switzerland, France, and Portugal (Fig.CXVIL) ; 
scarcely differs from MewcrintUj except in the reduction of BB and 
presence of a cirriferous centrodorsal at the top of the fairly stout stem ; 
our knowledge of this most important form is due to de LorioL The 
remaining Antedonidae retain the portion of stem below the centrodonal 
only in the brephic stage, while their BB further diminish during geo- 
logical periods, their adcentral portions fusing into a small 10-rayed plate, 



Fio. CXVII. 

TkioUiericHuw. 1, T./tfJcuoaiu, 
cap Keen from below, no liassls 
visible (from Brit. Mas. 40222a). 
2, r. Ribeiroi, from the side, 
showing basaLi and facets for 
cirri (reconstructed from de 
Loriol's flguresX CD, centro- 
dorsal, still bearing facet (Sf) 
for attachment to stem, x 2 
diam. 




the " rosette," which lies above the chambered organ, and in some speciei 
of Antedon is all that remains of BB. There is also traceable in the anna 
a gradual attenuation and, in many cases, increase of forking, with a 
partial or entire loss of calcified covering-plates. Antedon, de Fr^min- 
ville (1811 ; synn. Alecto, Leach ; Comatula, Lamarck, pars; HibemtUa^ 
Fleming ; Phytocrinus, de Blainville ; Solaivocrinus, Goldfuss ; Hyponome^ 
Lov^n ; OeocomOf Fraas non d'Orb. ; et alia), Lias to Recent, almost all seas, 
littoral to 2900 fathoms. Arms fork once or more ; Amb usually present, 
especially on pinnules. The genus is divisible into 9 groups, differing in 
arm-structure and distribution. Eudiocrinvs, P. H. Carp. (1882; syn. 
Ophiocrinus, Semper non Salter), Neocomian (?) to Recent, Pacific and B. of 
Biscay, 60 to 900 fathoms ; differs from Antedon only in non-forking of 
arms. Promachocrinus, P. H. Carp. (1879), Pacific and South Sea, 70 to 
1800 fathoms; 10 RR, probably a persistent meristic variation from 
more than one species of Antedon. Family 4. Atelecrinidai. Pin- 
nata with patina of 5 BB forming closed circlet and no rosette, 5 RR 
with high muscle-plates; arms fork once, IIBr long, with no pinnules 
on first 8 or 16 ; no stem, but acorn -shaped centrodorsal, with cirri 
alternating in 5 vertical double rows ; sacculi present Gknus — 
AteUerintut^ P. H. Carp. (1881), Cretaceous (?) to Recent, tropical Atlantic 



196 



THE CRINOIDEA 



and Pacific (Fig. CXVIII.). Family 5. Actinometridae. Pinnata with 
dorsal cup and centrodonal on the Antedonid plan, but differing in the 
following points: — Mouth exocyclic and gut much coiled, with con- 
sequent larger cavity between RR, small muscle-plates, and facet approach- 
ing the vertical ; further asymmetry shown in unequal and variable 
tegminal food -grooves, and in occasional nngrooved structure of some 
posterior rami, which may be shorter than the rest and without podia ; 
no sacculi ; no calcified Amb ; proximal pinnules have a terminal serrated 
margin — ** comb " ; centrodorsal discoid, with cirri few, almost limited 
to its margin, and sometimes atrophied. Qenus — Adirwmdra^ MtQler 
(1841, em. P. H. Carp., 1887 ; synn. [1] ComasUr^ L. Agassiz ; Comatula, 





Fig. CXVIII. 

Atelecnuiis balanoides, with two 
cini partly preserved aud arms 
imperfect. (From A. Agassiz, after 
P. U. Carpenter.) x 2 diam. 



FiQ. CXIX 

Thaunujitocrinus renovatttSt from the anal 
side, aa, anal appendage; an, interambiUa* 
crals ; atf anal tabe ; b, basal ; b^, second 
brachial ; ed, centrodorsal ; t, interntdial ; r, 
radial (After P. H. Cari^nter.) x Y- 



pars; PJumogenia, Lov^n), Lower Jurassic to Recent, almost all seas, 
littoral to 800 fathoms. Divisible into 8 groups, differing in arm- 
structure and distribution. Family 6. Thaumatocrinidae. Pinnata 
with cup of 5 BB forming a closed ring, and 6 RR separated by 5 inter- 
radials resting on BB ; Br not incorporated in cup ; arms do not fork ; 
5 0, separated from cup-plates by relatively large iAmb ; no Amb ; no 
sacculi ; anal tube in post IR ; post, interradial followed by 5 plates 
in vertical series forming a free appendage fiFig. CXIX.). Genus — 
Thaumatocrinus, P. H. Carp. (1883), a imique individual, probably young, 
South Sea, 1800 fathoms. Differs greatly from all other Pinnata; the 
structure of the cup is as in Xenocrinus (p. 166), the anal appendage ie 
paralleled in some Taxocrini (cf. Fig. XXXVII.). 
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Faiolt 7. EuGENiACRiNiDAE. Pinnata with imtina of 5 BR only, 
BB having been overgrown by BR and absorbed by a continuance of such 
a process as produced the rosette of AinJUdjcm, BB united by close suture, 
often fused. IBrg axillary, united to IBr^ by syzygy or fusion. Bami 
10, robust, incurving. Stem short ; columnals cylindrical, high, with 
joint-surface granulate, or marginally striate ; no cirri ; root encrusting, 
lobed. All European (see de Loriol, 
1883, and Jaekel, 1891). Genera — 
Ettgeniacrimis, J. S. Miller (1821; syn. 
Symphytocrinv^, Konig ; GaryophylliteSj 
Auctt. pre-Linn.), Bathonian to Lower 
Cretaceous (Fig. CXX.). Patina cylin- 
drical or clove - shaped, with shallow 
depression for viscera ; radial &cets 
separated by processes ; lax rising above 
origin of IIBr into a 3 -sided spine, 
which perhaps helped to support the 
tegmen ; IIBr small. TorynocrinuSf 
Seeley (1866 ; synn. Cifrtocrinus, Jack. ; 
f Hemicrimu!, d*Orb.), Upper Jurassic to 
Lower Cretaceous ; patina and proximalc 
fused, the ventral surface bent to one side 
and bearing stout arms. Gammarocrinus, 
Quenst. (1868 ; syn. Sclerocrinm, Jaek.), 
Upper Jurassic ; patina massive, concave 
below. Gymnocrinus, de Lor. (1879, em. 
Jaek., 1891) ; Upper Jurassic ; lax re- 
markably developed. PhyUocrimis, d'Orb. 
(1849), Bajocian to Neocomian ; BB have 
small facets and long spines. TormocriniLSj 
Jaek. (1891), Eocene, and TrigmwcrinitSf 
Bather (1889), Oxfordian, have very 
small radial facets, rounded spines, and 
a deep tubular cup-cavity ; the latter 
differs in the loss and atrophy of certain 
rays. DoUckocrinus^ de Loriol (1891 ; 
syn. Tetanocrinus^ Jaek.), Upper Jurassic ; 
BB form a tube 10. mm. long, 2*25 mm. 
wide, with interradial re-entrant angles 
at its base; the radial facets are of 
Bourgueticrine or Antedonid type, and if 
BB were present, as de Loriol supposes, the genus must be removed from 
this family. Family 8. Holopodidae. Pinnata with patina of 6 BB, 
usually fused, and enclosing a relatively wide cavity. BB presumably as in 
Eugeniacrinidae. large, surrounded by a few iAmb. lax fused to IBr^ 
in adult, and supports stout, incurved, unbranching rami ; no stem ; 
attachment by base of patina. No sacculi. The arm-structure led Jaekel 
(1891) to combine these forms with the Eugeniacrinidae. Genera — 
Holopua, d'Orb. (1837), Tertiary of Italy, Becent, Caribbean Sea, shallow 




Fig. CXX. 



Eugeniacrinvs caritophyllatus, partial 
reconstruction (x 2 diam.), and in- 
terior view of a primaxil (x 8 diam.), 
on which are seen the articular facets 
(IIBr') for the aecundibrachs ; the 
latter are only partially kno%vn. Other 
letters as usual. (Based on the obser- 



vations of Jaekel.) 
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water (Figs. CXXI. and XXXIV.). (SjoJthidiu'my Steenatnip (1846 ; syn. 

MwrvpocrvMUy Michelin), Uppermost Cretaceous to Miocene, Denmark 

and Italy. Familt 9. Eudesicrinidae. 
Pinnata (?) with patina of 6 RR, enclosing 
funnel-shaped cavity open below, resting 
on a solid mass which may represent 
fused BB or a proximale. lax articulated 
to IBr^, and supporting 2 stout rami 
which abut on adjoining rami. Axial 
cords lie close to inner walls of RR. 
Genera — Eudesicrtfitis, de Loriol (1882) ; 
and Gotylederma^ Quenst. (1862 ; syn. 
CotylecnnuSy £. Deslongch.), both Lias. 
Jaekel would place these genera near 
the Plicatocrinidae ; they are usually 
referred to Eugeniacrinidae or Holo- 
podidae. 




Fio. cxxi. 

Adult Holopui Rangit from anterior, 
^rom A. AgMttiz, after P. H. CSarpenter.) 
Enlarged by one-twelfth. 



Order 3. Dicyclica Camerata 
( = Camerata, W. & Sp. pars). 



Dicyclica in which all IBr and usually 
1 1 Br are incorporated in the dorsal cup by iBr, at first loosely, but 
afterwards by close suture. IBB always the primitive 5. A plate 
always between r. and L post. RR, resting on post B, and followed by 
others leading up to the anus. Mouth and ambulacra subtegminal. Arms 
pinnmlate. 

Familt 1. Reteogrinidae. Dicyclica Camerata with RR and Br sepa- 
rated by supplementary plates irregular in size, shape, and arrangement, and 
forming depressed interradial areas, the posterior of which is divided by a 
single vertical series of prominent plates leading from post B to the eccentric 
anus. Qenus — BeteocrinuSy Billings (1859 ; see W. & Sp., 1897), Ordo- 
vician, N. America ( Fig. C XXII.) ; 2-3 IBr ; about 6 IIBr, of which the 
pinnules, borne from IIBrg onwards, are also fixed in the interradial areas ; 
the pinnule borne by IIBr^ is in some species represented by a ramus, 
partly fixed ; the rami may branch again after becoming free, and are 
uniserial or slightly in zigzag ; tegmeu a low dome of minute irregular 
plates; stem pentagonal Family 2. Dimeroorinidae. Dicyclica Camerata 
with RR in contact except at posterior side, with 2 IBr and a varying 
number of IIBr, separated by a large proximal iBr, which rests on 
shoulders of RR and supports 2 plates, usually followed by smaller 
ones merging into iAmb ; post IR wider, and its proximal plate (anal) 
supports 3 plates followed by others, and leading up to anus, which 
has no tube ; illBr usually present Qenera — Ptychocrinus, W. & Sp. 
(1885, em. 1 897), Ordovician, N. America ; arms fork twice, are slender and 
uniserial as in Bdeocrinw. Orthoerinvs, Jaekel (1 895), Devonian, Germany ; 
arms fork once, are free from lax, stout and uniseriaL Dimerocrinuij 
Phillips (1836 ; synn. GlyptouUr and Thysanocrinusy Hall em. W. & Sp., 
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1897 ; Eucrinui, Ang.), Silurian, Europe and N. America (Fig. CXXIII.) ; 
anns fork onoe or twice, are stout, biatrial, and directed upwards. Cypho- 
ermiM, S. A. Miller (1892 ; syn. HypKocrifiiM, W. & Sp.), Silurian, Indiana ; 





tia cxzii. 

BtikMrimmt OnmlU, aatorior view. 
Pt pinnulM; p^ fiwt4. piuimleH; 
other letters m ucuL (After 
Wachimntfa & Springer.) x {. 



Pio. OXXIII. 

IHmerocrtn%($ JecculadnluSf from 
Brit. Mils. BO707 ; seen from pos- 
terior interradiiis. nn, nodals of 
stem. X 2 diam. 



arms fork at least once, are stout, biserial, and pendent, thus exposing 
the tegmen which is spinous. Family 3. Lamptkrocrinidae. Dicyclica 
CSamerata with a dorsal cxm in general structure like that of Dimero- 
crinidae, but with asymmetxx introduced by the 
development of an anal inbe and consequent 
bulging of IR, and shifting of mouth anteriorly. 
All from Silurian, N. America. Qenera — 
Lampteroerinui^ C. F. Roemer (1860, W. & Sp., 
1897) ; IBB large, anchylosed ; anal tube cen- 
tral ; arms supposed to be 5 rami bearing alter- 
nate ramules, but are not known beyond IIIBr^ 
(Fig. CXXIV.). Siph<mocnnu8, S. A. Miller 
(1888, em. W. & Sp., 1897) ; IBB small ; rectum 
forms an asymmetric protuberance below, then 
curves subt^gminally either to a central anal 
tube, or right across to an anterior opening at 
or even beneath the arm-bases. 

Family 4. Rhodoorinidab. Dicyclica Cam- , , , , . . 

erata with RR separated by a single distinct from posterior intemdias. ib, 
plate in each IR, foUowed by weU-defined iBr JJ^^^iSSurfnJiS^^^^^^^ 
regularly arranged (some individuals of Lyrio- c. P. Roemer.) x |. 
erimu have RR not quite separated, and 

•ome species of Diabplocnnus have not the single distinct interradial) ; 
the anal area if not alwftji distinct, and but rarely has a vertical series of 
plates. IBr, 2, in all exetpt the rather doubtful Anihemocrimu. Arms free 




Pig. CXXIV. 
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above IIBr (except in Thylacocrinus) ; illBr may or may not be present. 
The plates of the tegmen are small and usually irregular. The family 
begins in the Ordovician, probably as an independent development from 
Reteocrinidae or similar forms, and runs parallel to the Dimerocrinidae 
through the Silurian, but, unlike them, persists to Carboniferous times. 
There is seen in it an increase in definiteness of iBr, and the origin of 
biserial arms, which are usually isotomous but exceptionally bear ramules. 
Genera — RhaphanocrimiSy W, & Sp. (1885 ; syn. Codocrinus, Salter), 
Ordovician, N. America, Qt Britain, has uniserial arms and numerous iBr 
and illBr. Arckaeocrinus^ W. & Sp. 
(1881), Ordovician, N. America, has 
Br in zigzag, numerous iBr more 
regular in arrangement, with no verti- 
cal series in anal IR (Fig. CXXV.). 
DtabolocnnuSf W. & Sp. (1897), Ordo- 
vician, N. America, has the larger 
and more regular iBr surrounded by 
supplementary plates ; the anus is 
at the end of a strong, subcentral tube ; 
the arms bear ramules. Lyriocrimis, 
Hall (1852 ; syn. Marsupioaimcs, Hall 
rum de Blainv. nee Phill.), Silurian, N. 
America and England, has but 2 rami 



iVBr ypp* 





Fio. CXXV. 

AixJiMocrinus desidemtns, from the lelt 
posterior radius. (Diagi-aniinatised fh)m 
Wachsmuth & Springer.) x L 



Fig. CXXVI. 

Tkyjiicocnmu Vannioti (from Brit. 
Mus. E6642). Seen from posterior inter- 
i-adins. Owing to Blight cni<«hing all 
live iufrabasals (IB) are seen, and the 
absence of a stem-facet may be noted. 
Supplementary plates are shaded. The 
section of an arm with pinnules (pn) is 
after Oehlert. x J. 



to each ray, biserial ; iBr, 1 + 2+1, not always quite separating RR; 
anal area usually of similar structure. AnthenwcrinvrS^ W. & Sp. (1881). 
Silurian, Qotland, has only one IBr, and the first large iBr is followed by 
only 1 or 2 small ones ; the biserial arms fork 2 or 3 timea Diameno- 
crinus, Oehlert (1891, em. Jaekel, 1895), Devonian, France and Qeimany, 
has repeatedly isotomous arms, with Br in zigzag ; 6-8 IIBr, and a long 
narrow series of iBr. Thylacocrinus, Oehlert (1878), Devonian, France 
and New York (Fig. CXXVI.), has arms fixed up to IIIBr and sometimes 
IVBr, after which follow long unbranched biserial rami ; supplementary 
plates occur between all fixed brachial series ; stem minute or (?) absent 
Lahuseniocrintu, Tschemyschew (1892,-93), Lower Devonian, Ural, 
appears allied to the preceding, but base and free orachials are unknown. 
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BhifidxtcriwoA^ Zittel (1879, ex Beyrich, MS.), Devonian, Germany, has 
Btout uniserial rami giving off biserial ramuli on alternate 8ide& Acantho- 
mni«, C. F. Roemer (1850, em. Jaekel, 1895), Devonian, Germany, does 
not differ greatly from the next genus. Ehodocrinus, J. S. Miller (1821, 
restricted W. & Sp., 1881), Carboniferous and (?) Devonian, Europe and 




Fig. CXXVII. 

Gilbertiocrinus. 1, G. lyoianiis (=G. dispansus, W. & Sp.), ventral view, showing the 
tegminal appendages and the proximal portions of the arms emerging from beneath them. 
2, G. tubereuumu, the appendages mostly broken off, but more of the arms preser^'ed. 8, G. eaZ- 
careUiw, showing how the appendages of the European forms are double where they issue from 
the teginen. 4, G. typus^ patinb from below ; ap, tegniinal appendages ; ap', their points of 
origin, showing central canal ; Ax, primaxil ; lir, pinnulate arms, wliich issue trxym t)io dorsal 
evp at Br'. Other letters as usuaL (All after Wachsmnth & Springer.) x §. 

N. America ; has a vertical series of anals and isotomous arms, all the 
free parts of which or only the finials are biserial. Condylocrimu^ 
Eichwald (1869, em. Tschemyschew, 1893), Lower Devonian, Ural, 
differs, if at all, in iBr series, which runs — 1, 1, 2, 3. Ophtocrijitu^ 
Salter (1856 ; nwi Charlesworth, nee Semper, nee Angelin), Devonian, 
S. Africa, has numerous iBr and several illBr ; IlIBr free and in zigzag. 
GilbertsocrintLSf Phillips (1836; synn. OllacrinuSf Cumberland MS.; 
OoniasteroidocrimLSf Ly. & Cass. ; TrematocrinuSj Hall), Devonian and 
Carboniferous, Europe and N. America (Fig. CXXVII.), distinguished by 
small pendent arms, and large, branching, horizontal, hollow extensions 
of the interambulacral areas of the tegmen, of uncertain function. 



The following incorrect or indeterminable Names may be added to those 
already quoted as synonyms or incertae sedia : — 

Adelocrinus, Phillips (1841), Devonian, Britain, is probably syn. of either 

ffexaerinus or Arthracantha (see Whidbonie, 1899). 
Allionia, Michelotti (1861), syn. of Antedmu 
AporoerinttSf Austin (1842), is an Agelacrinid, fide label on A, gyratus iu 

Bristol Museum. 
AspidocrinuSf Hall (1869), Silurian, New York ; encrusting root of a crinoid. 
Asteria, Auctt. vett., a Pentacrinoid columnal {=Pentacrino8f Agricola). 
AsleriaSt Linn, pars (1758) ; syn. of AnUdon and Adinometra, 
AsteriatiUs, Schloth. (1813) ; A, penncUtts and A. rosacetiSf syn. of Antedan, 
Aateroerinus, Miinster (1838), **aii8 dem Orthoceratiten-kalk bei Elbersreutli," 

if a Crinoid at all, is an Inadunate. 
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AMrUm, Troott, non. Bad. (1850) ; sot known. 
AiHroeoma, de BlamviUe (18S0) ; wjm. of Anitdon md AeUmamdru. 
At^rocrmuM, Ctmiberkiid (1829), M* Wachmiitli k Springer, not known. 
AMropodia^ Llhnyd et Anett pre-Iinn., for Crinoid arms; but Ure (1797) 

ftppliad it also to Tarions eap-pUtti» and Dafranoe (1819) to Apiperknu, 
Aioennus, WCaj (1844 or 1862). CbrboDiferons, Ireland ; ref«md to Haty- 

crinus by de Koninck k C. F. Boemer, to Cfifotkeerimus by Wachaniith 

k Springer, The former probably ri^t 
Salanocrinus, Troost, nom. nod. (1850) ; ayn. of Lampteroeriinu. 
Bohemicoerinus, Waagen k Jahn (1899), SttnriaD, Bohemia ; cap alone known, 

probably Carpoerinus or Dewmidoerinus ; RR shaped much as in BarrandiO' 

eHnui, 
CoMdoeriwiSf M'^aagen k Jahn (1899), Ordorician, Bohemia ; like Taxoerwus, 

bat apparently no anal between BR, and uo anal ridge. 
CaUcrinm, Steininger (1849), Deronian, Eifel. Dicyclic Inadonate ; IBB fused ; 

uo aual ; perhaps a CupresBoarinus. 
CampanuliUSf O. Troost, nom. nnd. (1850). 
CeiUroerifiiiSf Worthen (1890), non Aostin k Meek k Worthen, nee W. Ic Sp. ; 

fsyn. of OaxaeriJiiu, 
CodonoerimiBfTrooBt, nom. nnd. (1850) ; syn. of Pterotoerinus, a|nuIShumard(1800). 
Comatulinaf d*Orbigny (1852), Oxfordian, C, cottata=Solanoerinu8, Goldf., which 

is syn. of AtUedwu 
Comatureila, Mttnster (1839) ; syn. of AnUdmi, 

Conoerinutf Troost, nom. nud. (1850) ; syn. of AUcprotaUoerinus, apiuL W. k Sp. 
CophinuSf Murcliison, ex Kouig MS. (1889), Silurian, England. Impressions of 

stems. 
OrvmenaeerinuSf Troost, nom. nud. (1850). 
Cupulocrinus, d'Orb. (1850), based on Hq/p^iocrintu heUrocotAalis^ Hall (1847), 

which is referred by Wachsmuth k Springer to Flexibilia Impinnata. 
Oypressocrinua, a variant and |x>s8ibly preferable spelling of Cupre$8ocrinu$, 
Oyatocrinusi C. F. Roemer (1860), Silurian, Tennessee. Stem only known, see 

Fig. L. 2. 
DaemmwcrinuSt Troost, nom. nud. (1850) ; syn. of PterotocrtnuSf apud Shomard 

(1866). 
Deeacjumoa, Bronn ex Linck (1837) ; syn. of Antedon. 
Ikcadactylocrinua, D. D. Owen, nom. nud. (1843) ; syn. of HeterocrinuB^ apud 

Shumard (1866). 
Deeameroa, d'Orbigny ex Linck (1850) ; syn. of AnUdan, 
DimorphicrimiBt d'Orbigny (1849), based on PkUycrimia pentafigulai-ia, Miller ; 

syn. of Ch'ophocrinust p. 84. 
Doludocrimu, Troost MS., fide Hall (1858) ; D, ovcUis is syn. of Duhoenwut 

aimpleXf Shiunard. 
Donaeicrimu, Troost, nom. nud. (1850). 
JSchinoerinuSf L. Agassis, 1841, and T. k T. Austin (1842) ; not a crinoid, but an 

tohinoid =Arduu0eidmris, M'Coy, 1844. 
3mperocrimi8f Miller k Qurley (1895), Silurian, Indiana ; probably syn. of 

Antheniocrinus ; but has 3 IBB, and was placed by its authors with 

doubt in Taxocrinidae. 
JBncrinoa, Agrioola (1558), a stem-fragment composed of FetUaerim or Aaimae 

{q.v, supra). 
£niroch'u$, Agricola (1558), a stem-fragment composed of Trochitae (g.v. ii^ra). 
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Oanymedat J. E. Ony (1884) ; oentrodonal of AnUdon, apud L. Aguiiz (1841). 
OauroerimLBt S. A. Miller (1888), OrdoTioiMi, K. America ; referred by Waoha- 

mntii ft Springer part to JMtfoertiuw, part to PtyeKooriniu, 
Olenotremites, Goldfuas (1882), oentrodonal of AiUedon, 
Onathoennus, T. k T. Austin, nom. nud. (1842). The genotype O. f%9iformi$ 

is proved by Austin's MS. drawings to be syn. of Millericrimu PraUi. 
Ooldfussia, Norman (1891, non Castelnau, 1848), proposed for Oomaiula vel Com- 

€uUr fM/Utirxidiata, Goldf. nan lann., nee Lam. , a quite unrecognisable form. 
QrammoerinMS, Eiohwald (1859), Ordovician ; columnals incertae sedis. 
ffaUfphen/ix " of our British Museum," Jide Cumberland (1826) ; syn. of 

Pentacrintu. 
ffelmintholiikus eniroekue, linn. (1768) ; stems of yarious Palaeozoic Crinoids. 
ffelnUnthidithus porientotuBt linn. (1768); syn. of Peniaerimit, 
Bertha, y. Hagenow (1840) ; centrodorsal of Antedon, 
leondaetyloerinus, D. D. Owen, nom. nud. (1843) ; referred to Glyptoerinui by 

Shumard (1866). 
KaUitpongia, Wright (1877) ; larra of Aniedon, 
JTmUnekoerimia, Seeley, nom. nud. (1864) ; syn. of TarynoerinMS and Aerothordo- 

erinus. 
Medtisaennus, T. k T. Austin, nom. nud., J!de Wachsmuth k Springer (1881). 
MieroerintUt Emmons (1858), Eocene, N. (Carolina ; probably centrodorsal of 

Aielecriniu, 
MUroerintts, Miller k Ourloy (1894), Ordovioian, Tennessee ; based on a six- 
rayed individual, probably abnormal, and a Periechocrinid or (Tarpocrinid. 
P(uhyantedon, Jaekel (1891), Upper Cretaceous, N. Germany. Based on impres- 
sion of stout arms, and a few cirri ; Br and cirrals in zigzag. 
Pkuhyerinua, Eichwald (1840), Carboniferous, Russia ; columnals only, in part 

a syn. of Platyerinue (see p. 182). 
Paehyoerintts, £. Billings (1859), Ordovician, Canada ; founded on a single base, 

with no diagnostic features. 
PentaffonUee, Rafinesque (1819), based on pentagonal columnals, probably of a 

Heterocrinid. 
Periachodomus magnus, Tomquist (1894) ; syn. of Adeloerintts hystrix, Phill. 
Petinoerinus, Hall (1859), Geol. Iowa, toI. i. Snppl. p. 49. Not seen. 
PhialocrinuBf'EichwtAd (1860), Ordovician, Russia ; encrusting roots with ridged 

under surface (see p. 188). 
PlatyegihaerUes, Trenkner (1868), doubtfully crinoidal. 
PtoteuryaZe, J. Miiller ex C. F. Roemer MS. (1855) ; syn. of Cylicoerinua eou' 

fluefUinue, ajtmet Jaekel (1895). 
Pteroeomat L. Agassiz (1885) ; syn. of Antedon. 
Jthodocalix, Trenkner (1868), doubtfully Crinoidal. 
Shumardoerinust Miller k Gurley (1895), based on imperfect specimens of 

Steganoerinue eoncinniis. 
Solacrinus, L. Agassiz (1885), for Solanoerinue, Goldf. (1832), which is syn. of 

Antedon, 
Sphmoerinus, Eichwald (1856), quinquepartite columnals. 
Sycoerimte, T. k T. Austin (1848) ; the authors' MS. drawings suggest that 

S, elaimu^Lageniocrinue, S, Ja/ikeoni^Cryptocrinue, and S, anapepta- 

fnenoe = Hypocrimu, 
Syringoeriniu, £. Billings (1859), Ordovician, Canada ; stem of Dendrocydis, 
Tetraerinue, T. k T. Austin, nom. nud. (1842, non Miinster). Not known. 
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Tetrameroerinut, T. k T. AaBtin (1848) ;. shown by labels md US. to be syn. 

of Meloerinus or MariaerinuB, 
Thalamoerinus, Miller k Ourley (1896), Siliirisii« Tennessee. Cnp alone 

known ; like Baetrocrintts at Bbmoermui, witiioot RA. 
Trianintes, Raftnesqne, JIde L. Agassiz (1841) ; not known. 
Triplaricrinus, Goldfoss, MS^ label for ffexaerinus paterarformiSfJUU L. Schultze 

(1867). 
Troehita, Anctt yett., a round oolnninal with radiating striae. 
f^Utavierinuif Waagen k Jahn (1899), Silurian, Bohemia ; if monocyclic, must 

be a Batocrinoid ; and if each Br bears more than one pinnule, is probably 

a (Tarpocrinid. 
XenoeriniiB, Jahn (1892) nan Miller; altered to Zenkerierinu8y Waagen k 

Jahn (1899), Silurian, Bohemia ; based on an imperfect cup^ which does 

not differ from Mariacrinus (p. 161). 

A few of the Terms used by some other writers, and not previously alluded 
to, may be correlated with those of the present work : — 

Subradialia, de Eoninok and Americans =sBB of Dicyclica. 

Subradialef Jaekel=RA [and presumably all Ri] in Monocyclica Inadunata. 

SubanalCt Jaekel=KA in Dicyclica Inadunata. 

Azygos plcUes, Billings et alii=anals in general, and RA in particular. 

Co8talia=lBB in MarmpiUa (J. S. Miller) ; IBB & BB in Dendrocrinus (Hall) ; 

BB in clearly dicyclic Inadunata and Flexibilia, and in Dimerocrinus 

(J. 8. Miller, Hall) ; BB of all Crinoidea (Loy^n) ; Rt in ffeUrotrinus 

(Hal l) ; KR in Sqfphocrimia, Lyrioerinu$f Macrostylocrinua (Hall) ; RR k 

IBri in monocyclic or pseudomonocyclic Gamerata and Artioulata (J. S. 

Miller, Hall) ; RR k IBr in Gladocrinoidea only (Jaekel) ; IBr in all 

Grinoidea (Bather in earliest papers ; Wachsmuth k Springer, 1897) ; 

iBri in Euealyptoeriniis (Hall). 
Scapula, J. S. Miller, Hall ; Eadiale articulare, L. Schultze, Zittel = the 

proximal plate in a ray thaj; has an articular facet for the arms, therefore 

may be R, IBr^, IBr2, or lAx. 
Radialia, Miiller, Zittel ; Frimary Eadiais, Wachsmuth k Springer (1879-81) 

=all plates in a ray up to first forking, i.e, R k IBr up to lAx. 
Braehialia of Ist, 2nd, 3rd, etc. order, Miiller, Zittel, Wachsmuth k Springer 

before 1890 ; articles braehiaux, de Eoninck=free Br only. 
Braehialia, Dibrachialia, THh^achialia^ Jaekel = IBr, IIBr, IIIB^ 
Brachialiay P. H. Garpentor, before 1890=Finials. 
JRadialia disticJudia or Distichalic^ Miiller, Zittel, Wasgen k Jahn ; Second ary 

BadialSf Wachsmuth .& Springer (1879-81) ; Dieostalia, Jaekel = IIBr. 
Distichalia, P. H. Carpenter (1879), Wachsmuth k Springer (1897)=IIBr., 

fixed or free. 
Falmaria, Huxley (1877), P. H.'Garpenter (1879), Wachsmuth k Springer (1897) 

= IIIBr. 
PoHpaZmaria of 1st, 2nd, 3rd, etc. order, Carpenter, Wachsmuth k Springer 

(1897) = I VBr, VBr, VIBr, etc. 

The corresponding terms for supplementary plates — Intercostal, Interscapular, 
Interradial, ^Interaxillary, InterdistiehcU, Interpalmar, and Interhraehi€^l—hti,ye 
also been used in diverse senses. 



For Literature of Grinoidea see p. 211. 



CHAPTER XII. 

THE EDRI0ASTER0IDEA.1 

CLASS IV. EDRIOASTEROIDEA, E. Billings (1854,-58; 
Huxley, 1877; and Bather, 1899) 

( = Thyroida, Chapman, 1860; Agelacrinoidea, S. A. Miller, 
1877-83 ; Worthen, 1883; Cystasteroidea, Steinmann, 1888; 
F. Bernard, 1893; Thbooidea, Jaekel, 1895). 

Not divided into Orders. 

Pelmatozoa in which the theca is composed of an indefinite 
number of irregular plates, some of which are variously differen- 
tiated in different genera ; with no subvective skeletal appendages, 
but with central mouth, from which there radiate through the 
theca five unbranched ambulacra, composed of a double series of 
alternating plates (covering-plates), sometimes supported by an 
outer series of larger alternating plates (side-plates or flooring- 
plates). Pores between (not through) the ambulacral elements, 
or between them and the thecal plates, permitted the passage of 
extensions from the perradial water-vessels. Anus in posterior 
interradius, on oral surface, closed by valvular pyramid. Hydro- 
pore (usually, if not always, present) between mouth and anus. 

Reducing the characters of the Edrioasteroidea to their simplest 
expression, one may imagine a schematic type of the following 
nature : — A flexible theca of sack form, composed of numerous 
irregular, polygonal plates deposited in the integument, probably 
with the stroma-strands between them still plainly visible (cf. 
Siramatocystis) ; it would have a mouth in the centre of the upper 
surface, and would be attached by some indefinite portion of the 
lower surface ; the anus, with its valvular covering, would lie on 
the upper surface, and there would probably be a hydropore 
between it and the mouth. So far this type would present primi- 
tive characters like those of the earlier Amphoridea, from which 

1 By F. A. Bather, M.A. 
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one may suppose it to have been derived. But the structure and 
relations of the ambulacra, even in their least specialised form, at 
once remove the type from primitive simplicity, and place it on a 
road different from that traversed by other Pelmatozoa. The evi- 
dence suggests the existence of a circumoesophageal water-ring, with 
five perradial canals, and their associated nerves and blood-vessels, 
passing between or below the thecal plates, and underlying a 
ciliated food-groove, which was covered by an alternating series 
of movable plates (covering-plates = ambulacrals of Grinoidea, but 
probably not those of Echinoidea and Asteroidea). Pores between 
the plates lining or flooring the groove (adambulacrals of Pelma- 
tozoa, but perhaps ^ superambulacrals of Asteroidea) permitted 
the passage either of podia or ampullae. In Cystidea, Blastoidea, 
and primitive Grinoidea, on the other hand, there was a free exit 
for the ambulacral organs only through the peristome; in fact, 
Blastoidea and Gystidea present no evidence that they possessed 
perradial water-vessels and podia at all. 





As^ 



Pio. II. 

CyttaiUr granidatus^ from pos< 
terior, showing oral surfkce in per* 
Fio. I. spective. Tlie two left- baud rays 

Str<matocifitU penkinmilaris, oral surflwe. retaiathe TOvering-platesjWhich are 

4«, anus; 0, peristomial plates; c.p, covering. 1^1 "^'"A"* o"i«™-^ If?* «*^ii" 

pliltes ; Ip, slSe-plates ; io. interambulacralS. »" ^ig. I. (Reconstructed from HaU's 

(Reconstructed from PompecHj's figures.) tlgures.) x 8 diam. 

Uligktly enlarged. 

The primitive sack form did not long persist, but the follow- 
ing characters were, as a rule, impressed upon it : a sessile habit, 
the consequent assumption of a circular, flattened form, the differ- 
entiation of the upper and under surfaces, the development of 
marginals or concentric frame-plates, and the tendency to increase 
the food-gathering surface by spiral coiling of the ambulacra in 
either sinistral or dextral direction. According to the varied extent 
of these several modifications, the Edrioasteroidea are divisible into 
3 families — Agelacrinidae, Gyathocystidae, Edrioasteridae. But 
to these must be added a fourth, Steganoblastidae, in which the 
development of a short stem was correlated with greater concentra- 
tion and regularity of the thecal elements. 
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Familt 1. AoBLAORiNiDAE. EdrioMteroidea witH a theca composed 
mostly of thin plates, flexible, attached temporarily or permanently by 
the greater part of the aboral surface ; with ambulacra confined to the ond 
surface. Qenera — SinmaiocujAi^^ Pompeckj (1896), Cambrian, Bohemia, 
seems to have had a somewhat flexible theca of non-imbricate plates 
(Fig. I.). Rays straight and extending to the margin, imposing on the 
theca a subpentagonal outline ; composed of stout and long alternating 
side-plates, along the outer margins of which are pores [for podia T| 
while along their inner margins is a groove, protected by minute 
covering-plates. Four large and many small plates [modified side- and 
covering-plates] surround and cover Uie mouth. Interambulacrals hex- 
agonal, united by stroma -strands. Under side of theca composed of 
irregular plates, without evidence of stroma-strands, and larger towards 
the middle. The animal was probably sessile on its under surface, but 
perhaps not fixed permanently. OVitoiisr, Hall (1872, Theeocystis, Jak.), 
Ordovician, Ohio, is also primitive (Fig. IL). Theca sac-like, composed of 




AueUicrinxu Jiamiltoneiuis, oral Hiirraco. 
Him, iiiarKii>Alx« cousiKthig of Die large 
internal (i) aiid the small external (e) ; J/, 
ffuppoeed uuulreiiorite. Other letters as 
before. (After HaU.) x I 



Fir.. IV. 

LepidodiMcus ciiu:in)iateu.-<l9, oral surface. 
Lettering as hatove. (After Hall.) x $. 



minute plates, not always attached (?) ; rays straight, composed of alternat- 
ing covering -plates supported on side -plates ; no hydropore observed. 
Hemicystts, Hall (1852), Ordovician and Silurian, N. America and 
Bohemia, shows an advance on CystaMer in the imbrication of the 
thecal plates, and their differentiation into larger interambulacrals, 
and a zone of smaller marginals. This leads ou to Agelacrintu 
and its allies Streptaster and Lepidoditcus, all which are characterised 
by the curvature of the rays, sinistrally, dextrally, or both, by the 
elaboration of the marginal zone, and by their flattened sessile habit, 
being usually attached to brachiopod sheila The type -species of 
Agetacrinus is the Devonian A. hamiUanmns, Vanuxem (1842), (Fig. 
IIL), in which the anterior and two left-hand rays curve sinistrally, 
the two others dextrally ; the interambulacrals are large, non-imbricate, 
and radiately ridged ; there is a border of large plates, with an outer 
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border of small plates. LfpiicNiifettt, Meek & Worthen (1868), Oidovician 
to Carboniferous, has imbricating interambulacrals and a bolder of small 
imbricating plates ; plates forming the floor of the ambulacra, and a pen- 
tagonal internal frame around the mouth, have been described by Miller & 
Faber (1892), but more details are needed ; Hall figures right posterior 
ray as dextral, and the rest as sinistral (Fig. IV.) ; other anangements 
may obtain, but the rays adjacent to the anus always curve towards it. 
The Devonian Haplocyitis, C. F. Roemer (1855), is known from an internal 
cast, apparently proving that the ambulacra were floored by a single 
row of plates [? fused adambulacrals], between the edges of which were 
pores [for passage of podia]. The Oidovician Streptaster^ Hall (1872), 
has all its rays sinistral Ditcocyitii, Gregory (1896), based on JSchiwh 
discus optattu, Worthen & Miller, is doubtful. 

Fahilt 2. Ctathootstidae. Edrioasteroidea with the theea composed 
on the oral surface of five deltoids surrounded by maiginals, but below 
of a fused solid mass of stereom, with irregular longitudinal sutures ; per- 
manently attached by the aboral surface as by an encrusting root ; 
ambulacra confined to oral surface. Genua — CycUhocystisy Schmidt (1880), 
Ordovician, Esthonia (Fig. V.), is not far removed from Stromafocystts and 
Cystasttr, but the trend of its evolution is quite away from that of either 
Edrioaster or Agelacrinus. Upper ambulacral surface of theca bordered 
by a pentagonal frame of 40 marginals ; rays straight, with a single 
series of covering-plates ; five larger plates cover the mouth. Tlie 
minute plates that formed the theca of Cystaster are here fused into solid 
masses ; thus there arise between the ambulacra 5 large A, and below the 
marginals a massive cup, fixed to some foreign body by its base, and 
occasionally marked by obscure longitudinal sutures, irregular in number 
and position, but never more than 5. Anus, with pyramid of 5 plates, 
lies between a A and the adjacent marginals ; no hydropore observed. 

Fio. v. 

CyathocystU PlautiH€u. 1, two 
iiKlividuals growing on a pebble of 
rolleil coral, and seen fh>ui the side. 
(Aaer Schmidt.) Nat. size. 2, 
oral sur&ce. A$, anas ; A, inter- 
ambulacrals fused into deltoids; 
mvi, marginals ; c.p,covering-plates, 
partly removed fh>m the posterior 
rays exposing Jp^ which are not a 
distinct series of flooring -plates, 
as represented, but ledges project- 
ing m>m the under side of the 
deltoids. (Diagrammatised from 
Bchmidt.) x 8 diam. 



Family 3. Edrioastbridae. Edrioasteroidea with flexible theca com- 
posed of thin plates ; attached, if at all, by a small central portion of the 
excavate aboral surface ; ambulacra pass on to aboral surface. Qenera — 
Aesiocystis, Miller & Gurley (1894), Ordovician, Kentucky, has a sub- 
pentagonal theca, with height two-thirds the width ; rays wide and straight, 
with large covering-plates ; interambulacrals non-imbricate. Podial pores, 
madreporite, and abactinal surface unknown ; but the genus appears to 
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connect this family with the more primitive forms of Agelacrinidae. 
Edrioaster^ Billings (1858), Ordovician, Canada (Fig. VI.), also includes 
^* Agelacrinites Biuiliiamis" Forbes (1848), from Wales. Theca about half 
as high as wide, depressed slightly at oral pole. Rays curved, all or 
some sinistral or dextral, passing on to under surface of theca ; ambu- 
lacral groove floored by alternating plates [? adambulacrals], between which 
were pores [] for podia] ; with covering -plates, i,e. ambulacrals, over 
the groove. Interambulacrals non- imbricate. Under- surface of theca 
excavate, its central region composed of a flexible membrane set with 
minute imbricating plates, and in a frame of about 11 large plates. 
Whether the animal was attached by the central part of this membrane 
is doubtful ; immediately round the centre this is evaginated in Ave lobes, 
apparently caused by the pressure of some internal organs [? gonads], 





Fio. VI. 

EdrioasUr Bignbyi. 1, oral surface, with coveriiig-plateH (anib) ou the auterior and left 
anterior grooves, but removed Aroni the others, which show only the side* or flooring-plates 
(cuQ, between which are pores (p). The greater part of the subpentagonal peristome (ps) is 
roofed by enlarged covering-plates, ia, iuterauibulacrals, one of which is a madreporite (if). 
2, section across the Kanie specimen through the right anterior radius and left posterior 
internulius. Tlie covering-plates are removed except just over the peristome, and in the am- 
balacrum seen in section on the left. /, framo of stouter plates ; m, membrane with imbricating 
plates, tlirowu into five lobes (0. 8, section across an ambulacnnu, with plates in iitu 
covering ventral groove (tv). Dotted surfaces are the natural edges of the plates, rule<l surfocet 
are cat through the plates. (All slightly diagrammatised from a siiecimen belonging to the 
Canadian Geological Survey.) 1 and 2 are nat. size. 

which must have acquired pentamerous symmetry. Duiocystis, Bather 
(1898), Uppermost Devonian, Belgium, has a slighter frame on the aboral 
surface, and the surrounding region composed of a thin flexible integument 
containing narrow imbricating ossicles ; otherwise like Edrioaster, 

Family 4. Steganoblastidae. Edrioasteroidea, with a rigid theca 
composed of plates relatively larger pnd thicker than in other families of 
this class ; these include elements comparable to the RR and BB of 
Blastoidea ; BB attached to a stem, probably short ; ambulacra descend 
into the radials. Gtenus — Stegaiioblastus, Whiteaves (1897, originally 
described as Astroeystites, name preoccupied), Ordovician, Canada (1 .g, 
VIL). The remarkable resemblance to Asteroblasttu^ insisted on by its 
founder, suggested the reference of Steganoblastw to the Protoblastoidea 
(Bather, 1899); but tlie ambulacra are now known to have essentially 
the same structure as in Edrioasterf while the absence of brachioles may 
be maintained with confidence. Theca piriform, its plates strongly marked 

14 
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with axial folds, and coDsisting of : BB (5 \ sutures not clear) ; RR, 5, 
alternating with BB, and receiving the distal ends of the ambulacra ; 
interambulacrals, one large one and an uncertain number of smaller ones, 
in each interradius ; 5 slightly-pitted plates of spear-head shape, stretching 
up between the ambulacra to the oral pole and simulating of Crinoidea 
or A of Blastoidea, but perhaps being only proximal covering -plates. 
The anus pierces one interambulacrum, and slightly disturbs the 
pentamerous symmetry of the theca. From the mouth 5 ambulacra 
stretch about half-way down the theca ; the adambulacrals (side- or 
flooring-plates) appear almost anchylosed, but the pores between them 
are very clear, and one can trace the original median line of suture ; 
the ambulacrals or covering-plates were stout, at least in the proximal 




1 Fio. VII. 2 

SttgawMatixKi ottawaexiHs, Blightly restored from the type-HpeciiueiiM, and x 8 diaiu. 1, 
oral 8urfiace ; 2, from I. poMt radius, adanibf adambulacrals or Mide-plates ; avib, ambnlacraU 
or covering-plates, mostly removed ; At, anus surrounded by small plates ; B, basal ; IR, largo 
median interradial; 0, 5 orals or proximal ambulacrals; p, iH>res between side-platutt; H, 
radial ; St^ fragment of stem. 



regions, where they seem to have combined with the spear-head plates to 
form a solid roof over mouth and food^grooves. Stem small, round, with 
lumen less than half the diameter. Fifty years ago Steganoblastus would 
have been described as a generalised or synthetic type, with Cystid, 
Blastoid, Crinoid, and Asteroid affinities ; it is simpler to regard it 
as a specialised Edrioasteroid, in which features common in stalked 
genera of other classes have been evolved independently under similar 
conditions of existence. 

GyclocystoideSf Billings and Salter (1858), Ordovician of N. America 
and Britain (Fig. VIII.), probably belongs to this class, though not to any 
of the recognised families. It is hardly well enough known to make 
the type of an order as yet A ring of stout ossicles, more regular than 
that seen in Agelacrinus and Edrioaster^ forms a frame between which are 
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Stretched two thinly plated membranes, rarely preserved. The dorsal 

membrane contains irregular non-imbricating plates (Miller & Faber, 

1892). The plates of the ventral membrane {fvpvd J. Hall, 1866) were 

delicately reticulate, and arranged in 

numerous rays passing from a central 

pyramid of minute plates [mouth?]. 

Eccentrically, between two rays, is an 

oval opening [anus?]. Outside the 

frame is a border of smaller plates 

as in Agelacrtnua, The animal was 

not permanently sessile [but could 

probably fix itself like a limpet]. 



As- 




FitJ. VIII. 



Cifclocy$toUUs SalUri. ^x, HUi>iK>He<l 
i-e^ioii of anuH ; mm, fmnie of largnr mar* 
j^iiials. Tlie plated as|H>ct of the Hoorin^, 
an KOAii tliroui;li the o{Miinngs, is basml on 
Miller & Fuber; otherwise the figure is 
copied fi-om Hall, x *.r. 



The classificatory position here 
assigned to the Edrioasteroidea 
is not that usually accepted by 
zoologists, although many have 
given them equal, nearly equal. 
or greater classificatory value 
under various names (see heading, 
p. 205). Whatever may eventu- 
ally prove to be the value of the 
characters insisted on in the present work or in others, even if 
there be traced a closer connection with Diploporita than is as yet 
apparent, the Edrioasteroidea can never be thought a less distinct 
or less homogeneous group than, say, the Blastoidea. The zoologi- 
cal importance of the Edrioasteroidea is another reason for raising 
them to this position. Many zoologists, e.g. Forbes, Billings, Neu- 
mayr, Steinmann, have regarded them as connecting either the 
Echinoidea or the Asteroidea with the Cystidea. On the hypothesis, 
ever becoming more probable, that all eleutherozoic Echinoderms 
are descended from some pelmatozoic ancestor or ancestors, then 
the Edrioasteroidea are alone among Pelmatozoa in presenting a 
type of ambulacrum from which the holothurian, stellerid, and 
echinoid types may readily be derived. 
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CHAPTER XIII. 

ELEUTHBROZOA — ^THE HOLOTHURIOIDEA. 

GRADE B. ELEUTHEROZOA. 

Class I. Holothurioidea. 
„ II. Stelleroidea. 
„ IIL Echinoidea. 

ECHINODERICA in which the theca, which may be but slightly or 
not at all calcified, is not attached by any portion of its surface, 
but is usually placed with the oral surface downwards or in the 
direction of forward locomotion. Food is not conveyed by a 
Bubvective system of ciliated grooves, but is taken in directly by 
the mouth. The anus when present is typically aboral and 
approaches the mouth only in a few specialised forms. The aboral 
nervous system, if indeed it be present at all, is very slightly 
developed. The circumoesophageal water-ring may lose its connec- 
tion with the exterior medium ; the podia (absent only in some 
exceptional forms) may be locomotor, respiratory, or sensory in 
function, but usually are locomotor tube-feet. 

As explained on p. 33, the genetic affinity between the three 
classes now to be dealt with is not so obvious as that between the 
classes of Pelmatozoa. Some writers have taken the Holothurioidea 
to be the most primitive class of Echinoderms, or at least to be 
widely separated from the Stelleroidea and Echinoidea. Without 
denying a large measure of truth to such statements, it is here 
maintained that all these three classes bear the impress of a Pelma- 
tozoic ancestry. And, though they arose from the Pelmatozoan 
stem, probably at different periods, and possibly from different 
branches thereof, yet the trend of the evolution of each was in the 
same direction — a direction opposed to that of the Pelmatozoa. 

At any rate the plain facts set down in the above definition 
are conveniently connoted and emphasised by the adoption of the 
term Eleutherozoa, whatever be the precise systematic value attached 
to it. In discussing the Eleutherozoan classes, the order followed 
is from the more primitive to the more specialised. 
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CLASS I. HOLOTHURIOroEA, C. T. v. Sikbold (1848) i 

( = FisTULiDES, Lamarck, 1801 ; Scytodsrmata, Bnrmeuter, 1837 ; 
AsciDiASTELLA, T. & T. Aiistin, 1840 ; Scytacitnota, Bronn, 
1860). 

Order 1. Aetmopodaw 
„ 2. PuaetmoiNxU. 

Elcutherozoic Echinodenns normally elongate along the oro-anal 
axis, which axis and the dorsal hydropore lie in the sagittal plane 
of a secondary bilateral symmetry. The calcareous skeleton, which 
may be entirely absent^ is usually in the form of minute spicules, 
sometimes of small irregular plates with no trace of a calycinal or 
apical system ; to these is added a ring of pieces radiately arranged 
round the oesophagus. Ambulacral appendages take the form of : 
(1) circumoral tentacles, (2) sucking-feet, (3) papillae; of these (1) 
alone is always present The gonads are not rsuiiately disposed. 

The Holothnrians have long been known to man. Many of 
the common ^iXQ& are large and conspicuous animals, which are 
frequently caught in the dredge or thrown up on our shores. It 
is generally supposed that these are the marine animals to which 
Aristotle gave the name of oAo^ovpioi^, from which their present 
scientific name has been derived. Pliny, mentioning a species of 
Cucunuiria, calls it Cucumis marinus, or sea-cuciunber, a name often 
applied to Holothurians at the present day. 

Belon, in 1553, first described a Holothurian, recognising some of 
its affinities to the starfish and sea-urchins ; and Eondelet, two years 
later, gave some figures of two species. Bohadsch, Pallas, Fabricius, 
Cuvier, and others increased our systematic and anatomical know- 
ledge of this group during the later part of the eighteenth century. 

In 1816 Tiedemann published an excellent account of the 
anatomy of Hohihuria tubulosit, Gmel. (12), and since then the 
study of the structure, development, and classification of the class 
has been greatly extended by a large number of naturalists, amongst 
whom one may mention A. Baur (1), Selenka (7), Semper (10), Joh. 
Miiller, Metschnikoff, and Kowalevsky. Within recent years the 
finer anatomy and histology of Holothurians have been studied by 
O. Hamann (3), H^rouard (4), Cu^not^ and many others, and their 
embryology by Selenka (7), Semon (9), and Bury (2). Our 
knowledge of that most interesting group, the {Hpidiidae, dates 
almost entirely from the publication by Th^el of the Report on 
the collections made during the Challenger Expedition (11). The 
family Pelagothuriidae has only lately been described by H. 
Ludwig (6). An admirable and comprehensive treatise on the 

^ By K. S. Goodrich, M.A. 
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Fio. I. 

1.— /Tolof^urfa forskdli, D. CI1., opened along the right side of the median "dorsal" line; 
the* blood-vascular system is not represented ; 2.— Left side view ; and 3.— Anterior view. 

4. — Oalcareons ring of H. fonkali ; the anterior ends are turned inwards. 

5.~Diagram of the water-vascular system of H. fanhcdi, illustrating the Aotinopod plan. 

6.— Larva of a Holothurian. (After Balfour.) 7.—Auricularia larva ; and 8.— Barrel- 
shaped Urva of Synapta digitata. (Both after Semon ; cf. Chapter VIIL, Fin. III. h XVn.) 

9.— Portion of the intestine with the accompanying blood-vessels and rete mixmbne of 
Holothuria tuJbtdosa. (After Tiedemann.) 

10.— Left side view ot Ankyroderma affine^ Dan. and Kor. ; and 

11. — Spicules of the same. (After Danielssen and Koren.) 

a, anns ; on, anchor ; a.v, antl-mesenterial blood-vessel ; 6r, brim ; cb, ciliated band : e.e, 
circular water- vascular canal ; d, rectal "cloaca " ; co, Cuvierian organs ; cv, collateral blood- 
vessel ; cimtt, dorsal mesentery ; g, gonad ; i, intestine ; i.p^ interradial piece ; I.(i.r, left donal 
radios ; l.v.r, left ventral radius ; I.r.t, left respiratory tree ; m, mouth ; md, inadreporite ; wkr. 
median ventnl radius ; m.v, mesenterial blood-vessel ; oi, otocyst ; p, podium ; p.c, podlai 
canal ; i>p, papilla ; t).v, Polian vesicle ; tm^ radial canal ; ni, spatulaterod ; rA^r^ risht donal 
radius ; re, rete mirabile ; r.p, radial piece ; r.r.t, right respiratory tree ; r.v.r^ right ventral 
radiua ; «.e, stone-canal ; <p, spicnlea ; t, tentacle; f.a, tentacle ampulla ; t.e, tentacle canal ; 
X, oesophagus. 
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structure, development, and taxonomy of the Holothurioidea has 
recently been written by the same author (6), to whose works the 
present account is greatly indebted. 

As a typical example of the Eolothnrioidea the common Cotton 
spinner, Holothuria forskdiy Delle Chiaje {H. mgray auctt.), may be 
taken. It is about 20 cm. long, almost cylindrical in shape (Fig. I. 2), 
pale yellowish-brown beneath, and black above. The "ventral" 
or lower surface is covered with closely set retractile podia, by 
means of which the animal creeps along (2, jp); the lateral and 
" dorsal " surfaces are covered with small and large conical papillae 
(2, pp). The five "radii" running longitudinally from mouth 
to anus are scarcely distinguishable on the outer surface; there 
are two dorsal radii (bivium), and one median ventral, and two 
lateral ventral radii (trivium). Near the anterior end the body- 
wall is produced into an irregular brim (2, hr) ; beyond this the 
animal terminates in a smooth pale-coloured area, in the centre of 
which lies the mouth, somewhat ventral in position (2 and 3, m). 
Surrounding the mouth is a set of twenty semi-retractile tentacles 
(2 and 3, t). When in a state of contraction the brim closes 
over the retracted tentacles and mouth. The anus is situated at 
the posterior pole of the animal. 

The body -wall of Holothuria is thick, tough, and leathery. 
Externally a thin transparent cuticle covers the epidermis, which is 
not ciliated, and is composed of a layer of columnar cells, ^nth 
scattered gland cells and sensory cells. The thick underlying cutis 
is formed of connective tissue cells and numerous fibres lying in a 
homogeneous ground substance. Wandering cells are found in the 
cutis, while the greater part of the pigment is in its outermost layer. 
Below the cutis is the layer of circular muscles (Fig. II. 5, cm) ^ 
interrupted at the radii, except immediately round the anus,. where 
it forms a sphincter muscle. A paired band of longitudinal muscles 
runs along each radius from the posterior end of the animal to 
the anterior (Fig. II. 1 & 5, Lm) ; here it is attached to the radial 
plate of the calcareous ring to be described below. Internally the 
body-wall is lined with ciliated coelomic epithelium. 

The skeleton of Holothuria fmskali consists chiefly of calcareous 
spicules, knotted or branching rods, and perforated discs (Fig. II. 
6, A, B\ secreted by connective tissue cells and forming a thin 
layer in the outer region of the cutis, especially on the papillae and 
ambulacra! appendages (podia and tentacles). Spicules may also be 
found in the connective tissue throughout the body, and they are 
very numerous in the wall of the stone -canal and madreporite. A 
large perforated plate is situated at the extremity of each podium. 
A ring of ten calcareous pieces surrounds the oesophagus; the five 
radial pieces are notched and larger than the interradial (Fig. I. 4). 
1 This figure refers to the allied species Holothuria tubulosa, Gmelin. 
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The nervous system consists of a " superficial " ring surrounding the 
mouth and giving ofif five radial nerves which run backwards to the 
posterior end. The tentacles and viscera are supplied by nerves 
from the ring ; the podia by branches from the radial nerves. The 
ring and the radial nerves are sunk below the surface, and lie on 
the inner side of the cutis. An epineural canal lies outside the 
radial nerves. Following each radial nerve on its inner surface is 
a small " deep '' nerve, from which are supplied the muscles of the 
body-wall (Fig. 11. 4). 

The water- vascular system consists of a circular canal sur- 
rounding the oesophagus behind the calcareous ring, and giving 
off five radial canals (Fig. II. 5, ex and r.6). Each radial canal 
passes forward between the calcareous ring and oesophagus, and 
then outwards, through the notch in the radial piece, to the body- 
wall ; it then rims backwards below the radial nerve. The radial 
canals send off a branch on either side to supply a pair of tentacles, 
each tentacle being provided with a long ampulla freely projecting 
into the body - cavity (Fig. I. 6, <.a, and Fig. II. 5). A Polian 
vesicle is attached to the circular canal in the left ventral in- 
terradius. Branches are given off from the radial canals in the 
body - wall to supply the podia and papillae ; small ampullae are 
here present. A twisted stone - canal lying in the median dorsal 
line leads from the circular canal to a madreporite, pierced with 
many small apertures, and lying in'the body-cavity at the anterior 
edge of the dorsal mesentery (Fig. I. 1 and 5, 5.c and mS), 

The alimentary canal is looped (Fig. I. 1, t, and Fig. II. 1), 
coiled in the direction of the watch-hand as viewed from the anterior 
end, and supported almost throughout by a mesentery attached to the 
body-wall. The mouth leads into a wide oesophagus, which narrows 
on passing backwards out of the calcareous ring. A scarcely dis- 
tinguishable stomach succeeds the oesophagus and passes into the 
long intestine, which finally ends in a rectal " cloaca " opening at 
the anus. The oesophagus, stomach, and part of the intestine 
form the first region of the alimentary canal, running backwards 
and supported by the median dorsal mesentery. Near the hinder 
end of the body the intestine and mesentery cross over from the 
dorsal interradius to the left lateiul dorsal interradius, up which 
they run. Near the anterior end this second section of the 
intestine, with its mesentery, crosses to the right ventral inter- 
radius, down which the third and last portion of the intestine runs 
straight to the anus. Round the oesophagus, bounded externally 
by the calcareous ring and the radial canals, a portion of the coelom 
is incompletely shut ofif from the general body -cavity (Fig. XL 
^9 F^)> connective tissue strands run across it from one wall 
to the other. The enlarged rectum, or cloaca, is fastened on all 
sides to the body -wall by muscular strands (Fig. I. 1, el). 
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Opening into the anterior and dorsal r^on of the cloaca by a 
common duct are the respiratory trees, two large tubes which give 




^r: i»r r^. rj*, 



Fio. II. 

1.— Transvente sectiou of one of the Holothurin&e. (Modified from Ludwig and Lang.) 

2.— Transverse section of the body-wall of Hotothtiria impatiens, Fontkftl. 

8.— M) '* table " and (B) " biscuit " spicule of the same. 

4.— Transverse section of the radius of an Actinopod Holotlmrian. (After Lang.) 

5.— Left side view of the anterior region of HUothnria tubnlosa, Gmel., from which the 
left side of the body-wall has been removed. 

0.— <^) perforated disc, and (B) branching rod spicule of Hdothuria forskali. 

a, ampulla ; a.v, anti-mesenterial blood-vessel ; b, "biscuit "spicule ; b.v, blooil-vessel ; h.w, 
body-wall ; c, coelom ; car, calcareous ring ; c.c, circular canal ; c.ep, coeloniic epithelium ; c.vt^ 
circular muscles ; c.p, podial canal ; ct^ cutis ; d.-mes^ dorsal mesentery ; cf.n, deep nerve ; ep, 
epidermis ; epx^ epineural canal ; g, gonad ; g.d, genital duct ; g.p^ genital pore ; t, intestine ; 
l.d.r, left dorsal radius ; l.m, longitadinal muscles ; Lines, left mesenterial ; l.r.t, left respira- 
tory tree ; l.v.r, left ventral radius ; md, madreiK)rite ; m.r, median ventral radius ; ituo, mesen- 
terial blood-vessel ; p, podium ; p.c, pseudhaemal canal ; rt.n, podial nerve ; pr, peripharyng«al 
coelom ; p.v, polian vesicle ; r.c, radial canal ; r.d.r, right dorsal radius ; r.mes, right met^enterial 
fold ; r.r.t, right respiratorv tree ; r.v.r, right ventral radius ; s.n, superficial nerve; t, tentacle ; 
t.a, tentacle ampulla ; ta, ** table " spicule in 2. 



ofif numerous side - branches ending blindly in tufts of slender 
twigs (Fig. I. 1, LrJ and rsJ). Comin&^ off from the base of the 
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left respiratory tree are a large number of long slender pro- 
cesses, the Cuvierian organs (Fig. I. 1, c,6). These remarkable 
organs, formed of spirally coiled fibrous tissue covered with a 
layer of modified coelomic epithelium which secretes a sticky 
substance, are shot out of the anus through the wall of the cloaca 
by the living animal when irritated. The organs s^viftly elongate, 
forming adhesive white threads, to which this Holothurian owes its 
name of Cotton-spinner. 

The blood-vascular system consists of a circular vessel round 
the oesophagus, giving off five radial vessels which run between 
the water-vascular canal and the pseudhaemal canal, covering the 
radial nerve internally. The anterior region and genital organs 
are supplied from the circular vessel. The alimentary canal is 
provided with two longitudinal trunks coming from the circular 
vessel — one, the "dorsal" or mesenterial vessel, runs along the 
region where the mesentery is attached to the intestine ; the other, 
the '* ventral " or antimesenterial, runs along the alimentary canal 
on the opposite side (Fig. II. 1 and 5, m.v and a,v), A cross 
vessel passes from the mesenterial vessel on the first region of 
the intestine to the a.ntimesenterial vessel on the second region. 
In connection with the mesenterial vessel (especially along the 
second region of the intestine) is an extensive and rich plexus of 
blood-vessels, the rete mirabile, overlying the left respiratory tree 
(Fig. I. 9). Blood lacunae extend in the walls of the alimentary 
canal, respiratory trees, gonads, and other parts. 

A closed pseudhaemal system extends over the inner surface 
of the nerve ring and radial nerves. 

The body -cavity forms a continuous coelomic space lined 
throughout by epithelium, which is generally ciliated. 

The sexes are separate in this species. The genital organs consist 
of a bunch of tubes, with free blind ends lying in the coelom, and 
uniting at their base to open into a duct running forwards in the 
dorsal mesentery (Fig. II. 1 and 5, g and gjS), The genital duct 
opens by a median dorsal pore behind the tentacles (5, fj.p). 

Variation in the Holothurioidea. — In outward fonn the 
more specialised and highly modified genera depart very widely 
from the elongated and somewhat pentagonal shape which appears 
to be the more primitive. In organisation, however, this group is 
fairly constant, and clearly defined from the other classes of Echino- 
derma. The epidermis is not ciliated in the adult. The body-wall 
is remarkable for its thickness and leathery consistency, the cal- 
careous skeleton being rarely in the form of plates or scales, and 
more often as minute spicules of various shapes (there is no apical 
system of plates). When these spicules are of different kinds they 
generally form distinct layers in the cutis — as, for instance, in 
Holothuria impaiienSf where the " tables " lie on the surface, whilst 



224 THE HOLOTHURIOIDEA 

the ''biscuit'' spicules are disposed in a thick inner layer 
(Fig. II. 2 and 3, ta^ b). The spicules are deposited by cells in 
the cutis, and develop first as small rods which become branched 
at each end ; by the increase of the number of branches and their 
repeated fusion arise the innumerable varieties of spicules found in 
different species of Holothurians. These calcareous bodies are of 
great value to the systematist in classifying the smaller groups, 
such as genera and species.^ Although their general characteristics 
are fairly similar within the several families, the different shapes 
of spicules are not sufficiently constant to be used as diagnostic 
characters of such large divisions. 

Very characteristic of the Holothurians is the calcareous ring 
formed of radial and interradial pieces surrounding the oesophagus. 
Occupying the same position as " Aristotle's lantern " in the Echi- 
noids, it may possibly be homologous with that organ. 

A well-developed muscular system is present in the body-wall, 
whereby the animal can move and alter its shape. The longitudinal 
muscles, generally paired radial bands, often form special retractors 
for the withdrawal of the anterior region of the body. In the 
Synaptidae alone the circular muscles are not interrupted at the radii. 

Although the nervous and water- vascular systems are distinctly 
built according to the pentagonal radiate Echinoderm type, yet the 
latter system is generally modified in relation to the very frequent 
differentiation of a dorsal surface occupying the three upper interradii, 
and of a flattened ventral surface or creeping sole occup3ring the 
two lower interradii. The ambulacral appendages, the podia, may 
become modified from typical sucking-feet into pointed papillae. 
Either the tube-feet or the papillae may extend over the entire inter- 
radial space. On the other hand, both tube-feet and papillae may be 
absent (Molpadiidae, Pelagothuriidae, and Synaptidae), and even the 
radial canals may disappear in the adult (Synaptidae). The oral 
tentacles, so characteristic of the Holothurians, are no doubt modified 
ambulacral appendages homologous with the podia. They vary 
greatly in number and shape, and are of great taxonomic value, 
being almost invariably more or less peltate in the Holothuriidae and 
Elpidiidae, arborescent in the Cucumariidae, and digitate or pennate 
in the Molpadiidae and Synaptidae. 

The Polian vesicle is usually single, and situated in the left 
ventral interradius ; but there are sometimes more than one. The 
stone-canal, generally single, lies in the median dorsal mesentery. 
Although in some of the Holothuriidae, Elpidiidae, and Pelago- 
thuriidae, and in the larvae of other forms, the stone -canal retains 
its opening to the exterior in the median dorsal line, in most Holo- 
thurians this condition is modified, in that the primitive madreporite 

1 The structure of the spicules is liable to alter during the lifetime of the 
individual (Hcrouard, Mitsukuri, Ostergren). 
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disappears, the connection with the body-wall is lost, and the canal 
opens by a new madreporite into the body-cavity. In some species 
numerous accessory stone-canals and madreporites may be developed 
(Fig. II. 5, mi). 

The disposition of the organs in the radius, as seen in transverse 
section, is distinctive (Fig. II. 4). The superficial radial nerve is 
separated from the epidermis by the thick cutis and a space 
(epineural canal). The deep radial nerve is separated from the 
ambulacral radial canal by a pseudhaemal canal and the radial 
blood-vessel. Over all lies the longitudinal muscle internally. This 
arrangement resembles most that found in the Echinoidea. 

The alimentary canal and the mesentery which supports it have 
the dextral coil characteristic of Echinoderma, as described above 
for Holothiuia (p. 221). 

The respiratory trees, organs quite peculiar to this class, are by 
no means of universal occurrence, being absent in the £lpidiidae, 
Pelagothuriidae, and Synaptidae. It is interesting to note, however, 
that in certain of the Elpidiidae the rectum is provided with a 
caecum, which may represent a vestige or a rudiment of the respira- 
tory trees (Fig. IIL 10, coe). 

The Cuvierian organs (p. 223) appear to be modified branches 
of the respiratory trees. 

The Holothurioidea are distinguished from the remainder of the 
Echinoderma by the structure of the genital organs. These always 
consist of a single, or of a right and left, tuft of tubules leading into 
a common duct, which runs in the dorsal mesentery and opens to 
the exterior in the median dorsal line near the anterior extremity 
of the body. There is no axial organ or sinus, and no trace of 
radial structure in connection with the gonads (see p. 24). 

As a rule, the genital products are shed in the sea, where fertilisa- 
tion and development take place. Earely, as in Chiiidota rotifera 
(Pourt.) and Phyllophorus uma (Grube), the young develop in the 
body-cavity of the parent. Brood chambers are formed in Fsolus 
ephippifer (W. Thomson) and some species of Cucumaria. 

A total and almost equal segmentation of the fertilised egg leads 
to the formation of a ciliated blastula and gastrula, from which is 
developed the characteristic Auiicularia larva (Fig. I. 6, 7). The 
free-swimming Auricularia has an alimentary canal provided with a 
mouth and anus, and the cilia are restricted to a single large 
circumoral band and a small adoral band within the mouth. The 
archenteron now gives rise to the hydro-enterocoel, opening by the 
primary stone- canal at a pore a little to the left of the median 
dorsal line. Later the circumoral ciliated band becomes greatly 
folded, and then converted into the circular ciliated rings of the 
barrel-shaped larva or pupal stage (Fig. I. 8). The mouth shifts 
to the anterior pole, round which are developed the tentacles as the 

15 
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first appendages of the water-vascular system. The radial canals 
and podia (when present) are now formed, and the young Holo- 
thurian assumes the adult form. Rarely the Auricularia stage is 
omitted, the ciliated gastrula developing more or less directly into 
the barrel-shaped larva. 

Very little is known of the extinct Holothurians. Some spicules 
have been found, many of which belong to the Synaptidae, in 
deposits ranging from the Carboniferous to Tertiary strata. 

With advancing knowledge the Classification of the Holothurians 
has. undergone many changes since it was first attempted at the 
beginning of this century. It now appears to be firmly established 
on deep-seated structural characters. In 1815 Oken divided the 
few species then known according to the shape of the body, whilst 
soon after Lamarck made use of the tentacles as a taxonomic 
character, a system afterwards perfected by Grube, who founded 
the family Aspidochirotae for forms with pelt<ate tentacles (Holo- 
thuriidae), and Dendrochirotae for forms with arborescent tentacles 
(Cucumariidae). Cuvier and others followed Oken, taking into 
account the occurrence and distribution of the podia ; and Brandt 
divided the Holothurui into Pedatae with podia, and Apodes 
^vithout podia. Selenka, in 1867, following Jaeger, formed the two 
orders Pneumophora and Apneumona, the first for the modem 
Holothuriidae, Cucumariidae, and Molpadiidae, provided with re- 
spiratory trees or " lungs," the second for the Synaptidae without 
" lungs." Th6el adopted the orders Apoda and Pedata, adding the 
order Elasipoda for the newly discovered Elpidiidae. Ludwig has 
clearly shown that the classifications founded on the mere presence 
or absence of podia or of respiratory trees are artificial; firsts 
separating oif the Synaptidae, which diifer in important respects 
from all the other families, as the Paractinopoda, he divides the 
remainder of the Holothurians, the Actinopoda, into five families, 
as shown in the following table : — 

Order 1. Actinopoda. Radial canals sup- 
plying tentacles and podia. 
A With respiratory trees. 

/^\ wifi, ^r^i^ /Fam. 1. Holothuriidae. 

(a) With podi^ [^^^ 4 Cucumariidae. 

(5) Without podia Fam. 5. Molpadiidae. 

R Without i-espiratory trees. 

(a) With podia. Fam. 2. Elpidiidae. 

{b) Without podia. Fam. 3. Pblaootruriidae. 

Order 2. Paractinopoda. Neither radial 
canals nor podia. Tentacles 
supplied from circular canaL 

Fam. Stkaptidae. 
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Order 1. Actinopoda, Ludwig. 

The five radial canals of the water-vaficular system, springing from 
the circular canal, supply the tentacles and podia (Fig. I. 6). 

Family 1. HoLOTHURnDAB. Body more or less flattened ventrally 
to form a creeping sole. Mouth generally somewhat ventral in position. 
Spicules chiefly in the form of tables, rods, and perforated plates. Cal- 
careous ring of five radial and five interradial piece& Anibulacral 
apx>endages present in the shape of tube-feet, papillae, and peltate tentacles 
(generally twenty). Respiratory trees well developed. Sub -Family 1. 
Synallactinab. No tentacidar ampullae. Stone-canal single, and joined 
to the body-walL No rete mirabile. Genera — A. With genital tubes in 
a right and left bundle — Ftevdoiiichypui^ Th<3el; PaelofatideSf Thdel; 
Maeres, Ludwig; Synallactes, Ludwig; Baihyplotes, dstergi*en. B. 
Genital tubes in a tuft on the left side only — Mewthuriay Ludwig. 
Sub-Family 2. Holothurhnae. Well-developed tentacular ampullae. 
Stone - canals often numerous, and with complex madreporites not con- 
nected with the body-wall (exc Holothuria lactea). The left respiratory 
tree is enveloped in a vascular net^«^ork, the rete mirabile. Cuvier's 
organs often present Genera — ^A. With genital tubes in a tuft on the 
left side only — MuelUria^ Jager, mostly tropical ; Labidof^ema?, Selenka, 
tropical ; Holoihuria, Linn., to which genus belong the British Cotton- 
spinner described above (p. 220), and H. edulis, one of the kinds of edible 
Trepang. R With genital tubes in a right and left tuft — Sttchopus^ 
Brandt 

The Holothuriidae are characterised not only by the possession of well- 
developed respiratory trees, and of from fifteen to thirty peltate tentacles 
(formed of a thick stem branching at its extremity), but also by the 
absence of retractor muscles, and of auditory vesicles. The tube-feet and 
papillae may be in double radial rows, as in Lahidodemas, in several rows, 
as in StichopuBy or scattered, as in Holothuria, The calcareous ring is 
generally composed of short, compact pieces ; it appears to be absent in 
Faelopatides and Synallactes, The anus in Pseudosttchopiu is situated in 
a deep vertical furrow, whilst in Muelleria it is surrounded by five 
pointed, calcareous plates. The longitudinal muscles are in paired bands, 
except in Puudoittchopus. 

The Holothuriinae are a well-diff^erentiated group distinguished by 
the possession of large tentacular ampullae projecting &eely into the 
body-cavity (Fig. II. 5, ta\ internal madreporites (5, nuQ, and a vascular 
plexus surrounding the left respiratory tree. The Synallactinae, on the 
other hand, are in many respects intermediate between the former 
aub-£unily and the Elpidiidae. The absence of tentacular ampullae, 
and of the rete mirabile, and the presence of a single stone-canal con- 
nected with the body-waU and probably retaining its primitive opening 
to the exterior, are all characters uniting the Synallactinae to the 
Elpidiidae, with which they have indeed been classified (dstergren). 

Family 2. Elpidudae. Body generally flattened ventrally. Mouth 
more or less ventral Tentacles, ten to twenty, more or less peltate. Ventral 
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tube-feet and dorsal papillae present (exc Capheira), Often auditory 
vesicles on the radial nerves. Stone-canal single ; madreporite frequently 
opening to the exterior. Respiratory trees absent (or rudimentarj'). 



Ml 




1.— Left side view of DHma validum, Th^el. (After Tli^el.) 

2.—-Ilyodaemon maculatus, Th. (After Theel.) 

8.— (A) G-shaped spicule of Scotoplanes oZ&tcfa, Th. ; (B) wheel of Pannychia moseleyi, Th. ; 
(C) four-armed spicule of Elvidia riqida, Th. (After Th^l.) 

4.—Peniagoiu loyviUii, th. (After Tlidel.) 

6.—P8yehropote$ longicanda, Th. (After Th6el.) 

6.— Ventral view of ElpUlia glacialu, Th. (After Th6el.) 

7 and 8.— Side view and oral view of Pelagothurvx TuitatriXf Ludw. (Mo<lified ftrom Lndwig.) 

0.— Section through the madreporite and genital papilla of Jlyodatmon maeulattu, Th. 
(After Th6el.) 

10.— Portion of the intestine and rectal "cloaca," with its caecum, of Benthodytes 
mnguinoUnta, Th. (After Ludwig.) 

a, anus ; br, brim ; b.ia. body-wall ; d, rectal " cloaca" ; coe, caecum ; d, disc ; d.a, dorsal 
appendage ; g.d, genital duct ; g.h, genital aperture ; g.p, genital papilla ; i, intestine ; m, 
mouth ; op, opening of i>ore canal ; p, tube-raot ; |>.c, pore canal ; ppy papilla ; pr, anterior 
process ; r, ray of the disc ; s, creeping sole ; s.c, stone canal ; (, tentacle. 

Calcareous ring of Ave or ten pieces. Spicules various, frequently in the 
form of wheels and four-rayed spicules. Sub-Family 1. Pbtchropotinae. 
Body surrounded by a brim. Mouth quite ventral Dorsal papillae 
usually small Tube-feet small, as a rule on the three ventral radiL 
Calcareous ring incomplete, the interradial pieces being represented by 
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small spicules. Genital tubes in a right and left tuft Genera — Psychro- 
trephesy Th^el ; EuphronideSy Th6el ; Psychropotes, TliiSel, Fig. III. 5 ; 
Benthodytes, ThoeL Sub-Family 2. Deimatinab. Mouth sub - ventral. 
Papillae large and numeroua Tube-feet large, generally only on the lateral 
ventral radii Calcareous ring of five radi^ and five interradial piece& 
Genital tubes in a right and left tuft Genera — A. With a row of large 
papillae above the lateral ventral podia. Median ventral podia rudimentary 
or absent Twenty tentacles — Deima^ Th^el (Fig. III. 1) ; Oneirophanta^ 
Th^el ; Orphnurgus, Theel ; Scotodeimay Ludwig. B. Without a distinct 
row of lateral ventral papillae, fifteen to twenty tentacles. Wheel 
spicules — Laetmogonej Theel ; Ilyodaemon, Theel (Fig. III. 2 ; Pan- 
nychiay Th^el ; Oop^Va, Ludwig. Sub -Family 3. Elpidiinae. Mouth 
generally sub-ventraL Papillae usually few and large. Podia only on 
the lateral ventral radii. Calcareous ring of five radial pieces. Genital 
tubes in one or two tufts. Genera — A. With ten tentacles — Parelpidiay 
Th^el ; Elpidiay Th^el (Fig. III. 6) ; Scotoplanes, Thdel ; Kolgay Dan. 
and Koren ; Irpa, Dan. and Koren ; PeniagonCy Thdel (Fig. III. 4) ; 
Scotoanassay ThdeL B. With more than ten tentacles — Achlyonicey 
Thdel ; EnypniasteSy TheeL 

The Elpidiidae are a deep-sea group of wonderfully diverse outward 
form. The body is generally flat or even concave ventrally ; it is often 
produced along its lateral edge into a brim, which may be posterior (as in 
Scotoplanes), anterior (as in Elpidia purpurea, Th6el), both anterior and 
posterior (as in Scotoanassa), or all round (as in the Psychropotinae). 
The mouth may be quite ventral, and some way beliind the anterior 
edge of the body (Fig. III. 5). The anus is terminal, dorsal, or ventral. 
Tul)e-feet occur on the ventral radii only, and are often remarkable for 
their large size and paired arrangement (Fig. III. 6), resembling the feet 
of a segmented animal. The dorsal papillae also may be distinctly 
paired and very large (Fig. III. 1). Peculiar posterior dorsal appendages, 
sometimes of huge size (Fig. III. 5), are developed in Euphronides and 
Psychropotes, Somewhat similar anterior appendages occur in Pentagone 
(Fig. III. 4). These outgrowths pf the body- wall are often supplied with 
right and left canals from the radial, water -vascular system. The most 
characteristic spicules are C -shaped, four -armed wheels (Fig. III. 3), 
and perforated plates. The calcareous ring is generally but slightly 
developed ; in the Elpidiinae the five radial pieces only are represented 
as single-branched spicules. Auditory vesicles or otocysts are sometimes 
situated in the Elpidiinae along the circular and radial nerves, but chiefly 
along the lateral ventral radii. Of great interest is the relation of the 
stone-canal to the body-wall in this family. The primitive condition in 
which it opens by a single pore in front of the genital aperture is found 
in Elpidia (some species), Kolgay and other genera. In some forms, €,g, 
Iiaetmogone and Ilyodaemon (Fig. III. 9), it opens by a numljer of pores to 
the exterior. The external opening has been lost in Irpa, BenthodyteSy 
and others, the canal opening to the coelom, but being still connected 
with the body-wall. There are no retractor muscles, and no Cuvierian 
organs. Although the Elpidiidae differ from the preceding family by the 
generally simple, unpaired structure of the longitudinal muscles (p. 224), 
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and the abeencs of well-developed respiratory trees (pp. 222, 225), yet 
they are undoubtedly closely related to them, and more especially to 
the Synallactinae. 

Family 3. Pklagothuriidae. Body cylindrical, and produced at the 
base of the crown of tentacles into an umbrella-like disc, drawn out 
into long slender ray& Mouth and anus terminal No podia ; branches 
of the tentacle canals extending into the rays of the disc. No retractors 
and no respiratory trees; a single stone-canal opening to the exterior. 
Right and left tufts of genital tubea No calcareous skeleton. Genus — 
Pelagothuria, Ludwig (Fig. III. 7 and 8), represented only by a remarkable 
free-swimming Holothurian, Pelagothuria natalrixy recently discovered in 
the Pacific. The thirteen to sixteen tentacles are forked and beset with 
papillae, and the disc is produced into a corresponding number of rays, 
each containing a branch of the tentacular canal. These rays may repre- 
sent the modified tentacular ampullae of the Holothuriidae ; or the disc 
may be derived from the anterior brim, which occuis in the two preceding 
f&milies. Tlie five radial vessels are normally developed, in 8X)ite of the 
absence of podia. The longitudinal muscles are in simple bands. Neither 
calcareous ring nor calcareous spicules are developed. 

This highly modified form undoubtedly belongs to the Actinopoda, 
since there are radial canals, and the circular muscles are interrupted 
at the radii The absence of respiratory trees, and of free tentacular 
ampullae, and the sim])le longitudinal muscles remove it from the Mol- 
padidae ; whilst the first of these characters, combined with the absence 
of podia and retractors, separate it from the Cucumariidae. With the 
Elpidiidae, on the other hand, it has many characters in common, siich 
as the single stone-canal opening to the exterior, the simple longitudinal 
muscles, the absence of respiratory trees, and the reduction of free ten- 
tacular ampullae and the calcareous ring. Pelagothuria^ therefore, is 
probably a free-swimming form derived from an Elpidiid ancestor. 

Family 4. Cucumariidae. Podia generally tube-feet only and no 
papillae. Mouth and anus terminal or dorsal Tentacles eight to thirty, 
branched. Tentacle ampullae rudimentary or absent. Madreporite in- 
ternal Calcareous ring of five radial and five interradial pieces. Re- 
tractor muscles. Longitudinal muscles generally simple. Respiratory 
trees well developed. Cuvierian organs rare. Right and left tufts of 
genital tube& Spicules chiefly rods and knobbed, perforated plates. 
Oenera — ^A. With distinct creeping sole. Ventral podia restricted to 
radii — Colochtrus, Troschel; PsoUdium^ Ludwig; Theelia^ Ludwig 
(Fig. IV. 10) ; Piolus, Oken (Fig. IV. 8). B. Without distinct creeping 
sole— !Z%yon«, Oken (Fig. IV. 11); Orcula, Troschel; Phylloph(yru8, Gnibe ; 
all with scattered podia (generally). With podia more or less restricted 
to the radii ; Cuctmariay Blainville (Fig. IV. 1, 2, 3, 4, and 5 ; Pseudo- 
eucumtSy Ludwig ; Actinocucumts, Ludwig; EchinoctLeumiSy Sars; Sph^.ero- 
thuria^ Ludwig (Fig. IV. 9). C. Fla<^k-shaped, with mouth and anus close 
together — Rhopalodina^ Gray (Fig. IV. 7). 

The Cucumariidae are distinguished by the possession of delicate re- 
tractile arborescent tentacles (Fig. IV. 3 and 4). Frequently the two 
median ventral tentacles are smaller than the others (Fig. IV 3), as in species 
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Fio. IV. 

l.^CMCicmaria p$ntaiie$ (Linii.X opened along the right of the median dorsal line ; tlie 
right respiratory tree has been cut short. 2.— Spicule ; 8.— Oral view ; and 4.— Left side view 
ofthe same. 

5.— Inner view of a retraeted C, rtentacteif fkrom which the dorsal region of the body-wall 
has been removed, and the viscera extracted, to show the action of the retractor muscles. 

6.— Portion of the calcareoun ring of Omda (emera, Ludv. (After Ludwig.) 

7.-~Diagrainmatic drawing of Hkopalodi^ia lagenl/armii. Gray. (After Lang.) 

8.>-<* Dorsal " view of Ptoltu antarcticut (Philippic (After Tli^elO 

9.— Left side view of Spfuurothuria biUntaevlata. Ludw. (After Ludwig.) 

lO.—Thedia ambulatrix, Bell. 

ll,^Thyone fnnu (O. F. Miiller). 

a, anus ; a. v, anti-meeenterial blood-vessel ; b.tc, body-wall ; ea.r, calcareous ring ; e.e,eirenlar 
water-Tascular canal ; d, cloaca ; a, gonad : g,d, genital duct ; g.p, genital pore ; <, intestine ; 
i,p. interradial piece ; Z.d.r, left dorsal radius ; l.r.t, left respiratory tree ; {.v.r, left ventiml 
radiofi : m, month ; iii.r, median ventral radius ; m.v, mesenterial blood-vessel ; p, podium ; 
p.v, polian vesicle ; r,e, radial canal ; r.d.rt right dorsal radius ; r.m, retractor muscle ; r.p, 
radial piece ; r.r.t, right lespintory tree ; «, creeping sole ; «.e, stone canal ; t, tentacle. 
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of CtLcumaria and Psolua ; in other cases several tentacles may be small, 
and these may even form an inner ring surrounded by an outer ring 
of large tentacles, as in Phyllophorus and Pseudocucwmis. The stone- 
canal may be single or multiple. Five powerful retractor muscles, reach- 
ing from the body -wall to the radial pieces of the calcareous ring 
(Fig. IV. 1 and 6, r,m)f serve to invaginate the anterior region of the body 
so as to witlidraw the mouth and tentacles out of sight (Fig. IV. 5). The 
body-wali in the anterior region is thinner and often devoid of podia 
(Fig. IV. 1 1). Every stage is exhibited between the arrangement of the 
podia in a double row along the radii, as in Cticumaria pentactes 
(^ig. IV. 4), and their distribution over the interradial areas, as in Thyone 
fiisus (Fig. IV. 1 1). In Theelia they are nearly, and in Psoitis entirely, 
reduced on the " dorsal " surface. ThiB is correlated with the develop- 
ment of a very distinct creeping sole, to which the podia are restricted 
(Fig. IV. 10 and 8). In tliese genera the calcareous deposits in the dorsa] 
region form large plates or scales ; five triangular so-called " oral " plates 
close over the introverted anterior region, and small i^lates may surround 
the anus. In Colochirus and Actinociicumis somewliat similar valves are 
developed in front Although the spicules may be in the form of large 
perforated plates, sometimes produced into S2)ines, as in Sphaerothuria 
bttentaculata^ Ludwig (Fig. IV. 9), they are more usually rods or knobbed 
buttons and plates (Fig. IV. 2). 

The calcareous ring in the Cucumariidae is very well developed, the 
pieces being large, and frequently made up of several plates fitting 
together. The radial segments, to which the retractora are attached, are 
generally produced backwards into two long processes (Fig. IV. 6). A 
more or less pronounced bilateral symmetry is often brought about by 
the unequal development or fusion of the pieces. Cuvierian organs 
have been described in Ciicumaria frondosa and C. nigricans. The genital 
tufts are paired, and lead into a duct which usually opens to the exterior 
on a papilla within the circlet of tentacles (Fig. IV. 1 and 3, g,p). 

In Sphaerothuria (Fig. IV. 9) the dorsal surface is reduced, the 
mouth and anus being approximated and the ventral radii much curved ; 
this process is carried to an extreme in the extraordinary genus Rho- 
palodina (Fig. IV. 7), whei-e the body has assumed a fiask-shape, the 
mouth and anus are close together at the small end, while the radii are 
bent round. This appearance misled the early observers, who described 
Rhopalodina as having ten radiL 

Whilst the Cucumariidae resemble the Holothuriidae in the possession 
of well-developed respiratory trees, they differ markedly from all tlie 
preceding families in the shape of the tentacles and the presence of 
retractor muscles. 

Family 5. Molpadiidae. Neither tube-feet nor papillae. The 
posterior region generally tapering. Mouth and anus terminal. Qenerally 
fifteen simple or digitate tentacles. Tentacle ampullae . well developed. 
Calcareous ring of five radial and five interradial pieces. Single stone> 
canal with an internal madreporite. Longitudinal muscle bands more 
or less paired. Respiratory trees present; Cuvierian organs rare. 
Genital tubes in right and left tufta Genera — A. With well-developed 
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retractor muscles ; tentacles digitate — Molpadiay Cuvier. R Retractors 
absent or rudimentary — Eupyrgiu, Llitken ; Haplodctctylay Qrube ; 
Caudtna, Stimpson ; Trochostoma, Dan. and Kor. ; Ankyrodermay Dan, and 
Kor. (Fig. I. 10). 




^im. 



Fic. V. 

1.— Left side view of SyHajita digitata, Mont. 

2.— The same oiiened up to tlie right of the median " dorsal " line. 

3.— Diagram of the water-vascular system of S. digitiita illustrating the Faractinopod plan. 

4.— Ciliated unis; and 

5.— Transverse section through the radius and otocysts of S. digitata. (After Cu^not.) 

»».— Anchor and anchor-plate of S. digitata. 

7.— Wheel of My^^iotroclim JUukii, Steenstrup. (After Danielssen and Koren.) 

(r, anus ; an, anchor ; an.p, anchor-plate ; h.u\ body-wall ; c.c^ circular canal ; c-f, coelomic 
epithelium ; cm, circular muscles ; c.u, ciliated urn ; e{.me«, dorsal mesentery ; e.«, epineural 
sinus ; g.p, genital \WTe ; {, intestine ; l.g, left gonad ; m, mouth ; mes, mesentery ; n, nerve ; 
o.r, otocysc ; oe, oesophagus ; o.l, otolith ; ps.c, pseudhaenial canal ; r, rectum ; r.g, riglit gonad ; 
r.mest right mesenterial fold ; r.n, radial nerve ; «.c, stone-canal ; U, stomach ; (, tentacle ; I.e, 
tentacle canal ; v.l.vi, median ventral longitudinal muscle. 

The Molpadiidae are rounded forms, with generally a tapering, tail- 
like, posterior end. The tentacles are simple processes, or of lobed or 
digitate shape. Their ampullae are large and free, except in EupyrguB (?). 
There are no podia, unless they be represented by the anal papiUae. As 
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in the preceding foniily, the calcareous ring is well developed, often 
bilaterally symmetrical, and with radial pieces strongly forked behind. 
In TrochcAvma and ilnA^yrocitfrma the stone-canal is still connected with 
the body-walL Cuvierian organs have been described in MoV^ia 
chilermay J. MiilL The calcareous spicules are very similar to those of 
the Cucumariidae, except in Ankyroderma^ which has peculiar anchor-like 
spicules (Fig. I. 11), somewhat resembUng those found in Synapta 
(Fig. y. 6). Trochostoma has red calcareous deposita 

The presence of retractor muscles, the structure of the calcareous 
ring, and the general anatomy of the Molpadiidae indicate their close 
relationship to the Cucumariidae. 



Order 2. Paractiiiopoda, Ludwig. 

The five radial canals have disappeared in the adult There are no 
tube-feet or papillae, and the tentacles are supplied directly from the 
circular canal (Fig. V. 3). 

Family, Stnaftidae. Body cylindrical and elongated. Mouth and 
anus terminal. Tentacles pennate or digitate. Tentacle ampullae small 
or rudimentary. Calcareon- ring of five radial, and frequently more 
than five interradial, pi.ves. One or more internal madreporites. 
Auditory vesicles on the radial nerves. Circular muscles uninterrupted 
at the radii. Longitudinal muscles as a rule unpaired. Neither respira- 
tory trees nor Cuvierian organs. Ciliated funnels on the coeloraic epi- 
thelium. Qenital tubes in right and left tufts, often hermaphrodite. 
Calcareous spicules as wheels, anchors, etc. Genera — ^A. Spicules various ; 
no wheels in the adult. Synapta^ Eschscholtz (Fig. V. 1); Anapta, 
Semper. B. With wheels — Chtridota, Eschscholtz ; Troehodota, Ludwig ; 
Trochodermay Th6el ; MyriotrochuSy Steenstrup ; AcanthotrochuSy Banielssen^ 
& Koren. 

The tentacles of the Synaptidae vary in number from ten to twenty- 
five. When they exceed ten in number there is usually a corresponding 
increase in the number of the interradial pieces of the calcareous ring. 
The radial pieces are often pierced anteriorly. There are some very 
characteristic spicules, such as the many-spoked "wheels'* (Fig. V. 7) 
of some genera (and in the larva of Synapta)^ and the anchors and 
anchor-plates in Synapta (Fig. V. 6, an, an.p). The perforated anchor- 
plates lie in the cutis parallel with the sur&ce, whilst the "sliank" 
of the anchors rest against them, the "arms" projecting towards the 
surface. They aid locomotion (Ostergren, 1897). A pair of auditory 
vesicles, or otocysts, has been found at the base of the five radial 
nerves in Synapta and other forms (V. o,c). Sense organs, some pig- 
mented and perhaps representing eyes, occur in some species on the 
tentacles. The radial water-vascular canals, which are absent in the 
adult, are temporarily developed in the larva (Fig. I. 8, r,c.c). The 
tentacular canals, coming from the circular canal, may branch and 
supply several tentacles. The layer of circular muscles is not inter- 
rupted at the radii, as in the Actinopoda, Retractor muscles are de- 
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veloped in tome species of £lynapto andOT^tneloto. Very remarkable are 
the fdnnels or ciliated urns (Fig. V. 4, cu) situated on the mesentery, 
and sometimes also on the inner surface of the body-walL These cup- 
shaped oigans, the function of which is ohscure, are attached by stalks to 
the epithelium, and may be joined together into large bunches (Chiridota), 
The genera Synapta, Anapta, Chiridota, and Trochodota are herma- 
phrodite. Tlie genital pore is situated behind the tentacles (Fig. Y. 2). 

The absence of radial water-vascular canals, and of interruptions in the 
circular musculature, as well as the presence of ciliated urns, distinguish 
the Synaptidae from all the preceding funilies. The first of these 
characters has no doubt been secondarily acquired, since the canals are 
present in the larva; correlated with this reduction is the method of 
progression by means of the tentacles and of contractions of the body- 
wall, accompanied by the entire disappearance of podia. On the other 
hand, the shape of the tentacles, the spicules, the presence of retractors, 
indicate a distant relationship to the Molpadiidae. 

Phylogeny of the Holothurioidea. — It has been shown above 
that the Actinopod Holothurians fall into two groups. In the first, 
containing the Holothuriidae, Elpidiidae, and Pelagothuriidae, the 
tentacles are more or less peltate ; the calcareous ring is radially 
symmetrical and of simple stnicture, it may be reduced and even 
absent; the stone-canal often retains its primitive opening to the 
exterior ; the genital tubes are sometimes restricted to the left side ; 
there are never retractor muscles. In the second group, containing 
the Cucumariidae and Molpadiidae, the tentacles are simple or 
branched, never peltate; the calcareous ring is much developed, 
with posterior prolongations, and often bilaterally symmetrical ; the 
stone-canal always opens internally ; there are always right and left 
tufts of genital tubes; retractors are generally developed. The 
two groups, then, probably represent two diverging stems, arising 
from a common ancestor possessed of respiratory trees. The Syn- 
aptidae would appear to have come off far down the Cucumarian 
stem, perhaps in common with the Molpadiidae. These relation- 
ships may be expressed in the following diagram : — 

PeUgothttriidae. 

Elpidiidae. 



^^^^^_ ;olothariidae. 

Holothurioidean. 

anoeator. _ 

-Cucnmariidie. 




Molpadiidae. 
8ynaptida«. 
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Little is known concerning the origin of the dags. It may, 
howerer, safely be conjectured that the Holothnrians are derived 
from an Echinoderm ancestor with five typicaUy developed radii, 
along which ran branches of the nervous and water-vascular systems, 
the latter provided with podia. The outward bilateral symmetry 
of the Holothurians seems to have been secondarily acquired in 
connection with their free-moving mode of life.^ 
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CHAPTER XIV. 

THE STELLEROIDEA.^ 

CLASS II. STELLEKOIDEA. 

Sub-Class 1. Asteroidea. 

Order 1. Phanerozonia. 
„ 2. Cryptozonia. 

Sub-Class 2. Ophiuroidea. 

Order 1. Lysophiurae. 
,, 2. Streptophiuiae. 
„ 3. Cladophinrae. 
„ 4. Zygophiurae. 

The class of the Stelleroidea includes the starfish, brittle stars, 
sand stars, basket-fish, and branching stars, all of which are 
characterised by a depressed stellate body composed of a central 
disc, whence radiates a number of rays or arms. They have 
radiately arranged genital organs {i.e, are actinogonidial) ; they are 
not attached by the aboral surface, nor is the oral surface furnished 
with ciliated food-grooves {i.e, are eleutherozoic) ; and they usually 
have the podia limited to the lower half of the body (i,e, are 
lysactinic), instead of having them continued upward to the apical 
plates, as in typical sea-urchins (which are desmactinic). The 
radial water-vascular vessels lie along the under sides of the arms, 
and are exterior to the ambulacral ossicles. The aperture of 
the water-vascular system or madreporite is not connected with 
the apical plates, as it is in all the Echinoids except Echinocystis, 

This list of characters is quite sufficient to mark off the 
Stelleroids from all other Echinoderms. The class is divided into 
two groups — the Asteroidea and Ophiuroidea — each of which is 
usually ranked as a distinct class, but no definite line of separa- 
tion can be drawn between them. The two characters on which 
reliance is generally placed are the presence of an ambulacral 

^ By J. W. Oregory, D.Sc. MS. closed at end of 1896. 
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groove in the Asteroids and its absence in Ophiuroids ; and the 
restriction of the digestive and generative organs to the disc, and 
consequent sharp distinction between body and arms, in the latter. 
The first character is unreliable, as in the living Ophioieresis there 
are no ventral plates, and a shallow ambulacral furrow is accord- 
ingly present One order of fossil Ophiuroids — the Lysophiurae 
— has the same feature more strongly marked. The differentia- 
tion of the body into disc and arms happens in most Ophiuroids, 
but also in some Asteroids, e.g. FreyeUa. The restriction of the 
digestive organs to the disc appears to offer a more reliable 
character; but in Astrophiura the arms are sharply marked off 
from the disc and contain no digestive caeca, while the ambulacral 
ossicles are asteroid. Similarly the digestive and genital systems 
of the Asteroids, Colpaster^ and some species of Freydla must be 
limited either to the well-marked disc, or at most to the bases of 
the arms; while the arm structure is practically identical with 
that of some Palaeozoic Ophiuroids. It must be remembered, 
moreover, that the digestive sac of Ophiuroids is marked by a 
series of radial bulgings, which may be homologous with the 
radial caeca of Asteroids. The position of the madreporite is relied 
on by Perrier, but it will not serve ; in the Asteroids, Asterina, 
and PcUasteriscus it is ventral, as in most Ophiuroids. 

Not only is there no character which serves to separate the 
Ophiuroids and Asteroids, but the whole structure of the body is 
on the same plan in both groups. It consists in both of a central 
disc and a series of (usually five) radial rays. The skeleton in 
each ray consists essentially of two series of plates — the ambu- 
lacral and adambulacral. The former lie internal to the radial 
water-vascular vessel, and the furrow which this occupies is later- 
ally protected by the adambulacral plates. Additional elements 
may occur, but are not found in all members of either division. 
The mouth armature consists of a ring round the mouth, formed 
by the union of one or more pairs of ambulacral and adambulacral 
plates for each arm, and bearing spines modified to serve as teeth. 
The body is protected by accessory plates or granules in the integu- 
ment ; these plates may be protected by spines and pedicellariae. 

The alimentary system consists of a central digestive sac, 
opening by a mouth at the centre of the ventral surface ; the size 
of the digestive sac is increased by radial bulgings, of which there 
are as many pairs as the Stelleroid has arms ; these bulgings may be 
short and limited to the disc or base of the arms, or extend up 
the arms. There may or may not be an anus. 

The water -vascular system consists of a ring round the 
oesophagus ; a radial vessel runs up each arm from the ring, which 
also bears a series of Polian vesicles, or sac-like diverticula. The 
radial vessels give off a pair of branches in each segment ; each 
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branch ends in a podion, whicli may be pointed, or may end in a 
sucker. Connected with each podion there may be a globular 
ampulla (absent from some Asteroids, €,g, Brisinga and from all 
Ophiuroids). The madreporite in either group is dorsal, marginal, 
or ventral. The nervous system comprises a circumoesophageal 
ring and a radial branch along each arm or ray. 

The reproductive organs consist of strands connected with the 
axial coelomic system ; there is a central ring whence a pair of 
strands pass to each ray. A number of small gonads occur on 
each strand ; the gonads of each strand may be grouped into one 
bundle, with a common aperture at the margin of the disc (as in the 
Asteroid Asterias and the Ophiuroid Ophiothrix) ; or they may occur 
only at the bases of the arms, as in Freyella ; or they may occur as 
a series of distinct gonads with separate apertures, as in Brisinga and 
Ophiadis, In most Ophiuroids the gonads discharge into a bursa. 

As both Ophiuroids and Asteroids are therefore constructed 
upon the same fundamental plan, as they contain the same varia- 
tions from the typical arrangement, and as there is not a single 
constant difference between them, it seems indispensable that they 
should be united into one class, the Stelleroidea, which may be 
diagnosed as follows : — 

Eleutherozoic, actinogonidial, and lysactinic Echinoderma in 
which ambulacral plates lie internal to the radial ambulacral vessels. 
The madreporite is not connected with an apical system of plates. 
The body is more or less depressed, and is markedly stellate. 

In spite of the fact that the separate treatment of the Asteroids 
and Ophiuroids has led to many unfortunate errors, and still 
hampers the classification of the group, it seems advisable here 
to consider the sub-classes separately. 

Sub-Glass 1. Asteroidea. 

The sub-class Asteroidea includes the Echinoderms known as 
Starfish. The animals consist of a central body marked on the 
ventral side by a series of radial furrows which are usually continued 
outward along prolongations of the body known as arms. They 
live on the sea-floor and creep about by means of suckers or podia in 
the radial furrows, the side containing which is always placed down- 
wards. The general aspect of starfish is therefore very different 
from that of any of the previously described groups of Echinoderms. 
They are closely related to the Ophiuroids, and no very satisfactory 
line of demarcation can be drawn between the two sub-classes ; but 
the Asteroids usually have diverticula from the alimentary canal 
extending along i/he arms, which pass gradually into the disc. 

Before 1841 the Asteroids and Ophiuroids were always considered 
members of one group. Thus J. H. Linck (23), who in 1733 began 
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the systematic study of the Stelleroids, included members of both 
sub-classes in his group '^Stella." He separated the Asteroids as the 
Stdlae fissae, which he divided according to the number of arms or 
rays into such divisions as Trisactis^ Tetractis, HezadiSy etc. Linnaeus 
in 1766 included both sub-classes as well as some unstalked 
Grinoids in his genus Asieiias, grouping all the starfish together as 
"Stellatae." Lamarck in 1816 (21), de Blainville (1830 and 
1834), Nardo and Brandt (1834), and L. Agassiz (1835) proposed 
various divisions of Asieruis, which these authors recognised to be 
a family or order. In 1840 Gray's Synopsis, and Miiller and 
TroscheFs essay, Ueber die Gattungen der Asterien (35), first prepared 
the way for a scientific classification. In 1842 the latter authors' 
System der Asteriden (36) laid the foundation for all later work. 

After that date additions to our knowledge of the recent Asteroids 
have been made by many authors, especially A. Agassiz, Barrett, 
Bell, Danielssen, Fewkes, Forbes, Gray, Jullien, Koren, de Loriol 
le Fort, Liitken, Marenzeller, Martens, Moebius, Perrier, Philippi, 
Sars, Sladen, E. A. Smith, Stimpson, Studer, Thompson, Verrill, 
Viguier. The fossil forms have been described by E. Billings, Eck, 
Forbes, E. Fraas, Goldfuss, Heller, Hall, de Loriol le Fort, Miiller, 
C. F. Roemer, Salter, Simonowitsch, Stiii-tz, Wright, and others. 

The study of the anatomy of Asteroids received its first stimulus 
from the researches of Joh. Miiller (34). The skeleton has been 
described by Meckel (1828), Duvernoy (1848), Gaudry (13), and 
especially Viguier (52). Perrier has devoted most attention to the 
pedicellariae (1875 and 1884). The study of the visceral anatOmy 
was begun by Tiedemann, Delle Chiaje, and Meckel ; and of the 

nervous system by Krohn. 
The present position of the 
subject is due mainly to 
Ludwig (25), Cu6not (8, 9), 
and Hamann (17). 

The embryology has 
been worked out by many 
authors, the study of the 
early stages being unusually 
easy; among contributions 
to this branch of the subject 
are those of Joh. Miiller 
(1848 - 55), A. Agassiz 
(1877), Ludwig (1882), 
MacBride (1893 and 1894), 
(32, 33), and Bury (1889 
and 1895). 

The principal classifications after those of Gray, and of Miiller 
and Troschel, are those of Viguier (1878), (52), based on the oral 




Fio. I. 

Actinal snrfkce of AsUHas rtibens with a podion (a) 

enlarged. 
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Fig. II. 



skeleton, of Penier (1884 and 1894), (38), on the pedicellariae, 
and of Sladen (1889), (48). 

Structure of a Typical Asteroid. — The common English star- 
fish (Asterias rubens, L.) is a convenient type of the Asteroidea. It 
has a flattened body composed of a central disc from which radiate 
five arms (Fig. I.). The upper or abactinal surface of the Body is 
covered by an integument or perisoma (Fig. II.), composed of a 
network of calcareous rods, the meshes between which are closed 
by tough membrane. The anus opens almost 
in the centre of the abactinal surface. 
Between the anus and one of the angles 
between the rays occurs the madreporite, a 
thick grooved plate, perforated by pores 
leading to the water-vascular system. 

The ventral surface of each Arm is tra- 
versed by a broad groove ; since the grooves 
radiate from the mouth to the ends of the 
arms, the ventral surface is known as the Asterias ruUyis, \)&rt ot &\mc- 
actinal surface. The mouth is at the centre 
of this side of the body, and is surrounded by spines (the " mouth 
papillae "). The grooves are occupied by four rows of suckers or 
podia, and therefore correspond to the ambulacral areas of the 
Echinoid. On either side of the grooves are three rows of spines. 
Dissection is necessary for the recognition of any further points 
in the structure of the Asterias, By the removal of some of the 
podia, the ambulacral grooves may be seen to lie outside a series 
of pairs of narrow plates — the ambulacral ossicles (Fig. III.). The 

two series of ossicles meet 
in the middle line ; laterally 
they abut against a row 
of adambulacral ossicles, be- 
yond which are further rows 
of interambulacral and mar- 
ginal ossicles, all of which 
are comparatively small. The 
ossicles are protected by spines and pedicellariae similar to, but 
simpler than, those of Echinoidea. 

The Oral Skeleton (or actinostomial ring) consists of a solid 
calcareous ring around the mouth. It is composed of thirty plates 
in a quinqueradiate starfish, there being always six times as many 
plates as there are rays. Each segment of the oral skeleton con- 
sists of two pairs of ambulacral, and of one pair of adambulacral 
ossicles. In Astoias the ambulacral plates are more prominent 
than the adambulacrals, and project into the oral cavity. The 
mouth armature is therefore on the ambulacral type (Yiguier, 
52). 

16 




Fig. III. 

Asterias rubens, ambulacral and adambiilacral plates, 
a, apei-tuifis for podia. 
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The Alimentarj System eoosisU of m moath at tlie eentre of 
the actinal sarfaee of the starfish. The oesophagos is rery Atxt 




Fio. IV. 

Asteriat rubem. I, ray fh)in which the skin of the abaeriiial surfi&ce haii been removed 
and the outgrowtlis (c) displaced, showing the auibulacral ossicles (ao); the suckers («), 
g. gonads in ray II ; a, anus; sp, stomach, tlie folde<l arrangement of the walls of which are 
shown by removal of part of the upper wall at the base of ray V. From F. J. Bell, CkUaiogue 
o/BrUUh Echinoderm in the BriU Mvs, (Nat. Hist.). 
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and leads to a large stomach, which occupies most of the disc. 
From the stomach five branches pass off, one to each ray. Each 
branch divides into two caeca, which lie one on either side of the 
ray. From the stomach a short rectum leads upward to the anus, 
which opens on the abactinal surface at a little distance from the 
centre. Two small longitudinally folded diverticula from the 
rectum occur below the anus. These rectal caeca occupy a 
similar position to the '* respiratory trees " of Holothurians, with 
which they may be homologous. 

The Water-Vascular System consists of a circular vessel round 
the oesophagus (the circumoesophageal canal or water-vascular ring), 
from which, in a five-rayed starfish, there are eleven offsets. The 
most important are the five radial canals, one of which passes 
along each ray, just external to the ambulacra! ossicles. From 
these radial canals branches are given off on either side; each 
branch ends in a tubular podion, which consists of an internal 
reservoir or ampulla situated above the ambulacral ossicles, and of 
an external tube or sucker. Valves occur on the transverse branches, 
and prevent water, expelled from the ampulla, returning into 
the radial vessel ; they thus direct it into the sucker. The next 
set of offsets from the circumoesophageal canal are five sac-like 
" Polian vesicles," one in each interradius ; they act as reservoirs 
for the water-vascular system. The last (eleventh) vessel on the 
circumoesophageal canal is the '^ stone-canal," which runs from 
the base of one of the Polian vesicles to the upper surface of the 
starfish. It expands above, and its upper end is attached to the 
madreporite, through the pores in which water enters the water- 
vascular system. 

The circumoesophageal canal also supports nine tufts of 
tubules known as Tiedemann's bodies; there is a pair of tufts 
in each interradius, one on either side of the base of the ** Polian 
vesicle," but in the interradius containing the stone-canal there is 
only a single Tiedemann's body. 

The presence of a blood-vascular system in Asteroids is not yet 
determined, the organs described as such belonging to the Pseud- 
haemal System (cf. pp. 22, 26). The main organ in this system 
is the "axial sinus," which is a rather thick vertical tube sur- 
rounding the stone-canal. It communicates below with a ring (the 
circumoesophageal pseudhaemal ring), which surrounds the mouth 
and gives off five radial branches, which pass one along the upper 
side of each ray. At its upper end the axial sinus communicates 
with the genital ring ; attached to this ring are five pairs of short 
processes, while an additional pair passes beside a prolongation of 
the axial sinus leading to the madreporite. Some of the pores of 
the madreporite open to the axial sinus, and there is no known 
direct communication between the latter and the stone-canal. 



244 



THE STELLEROIDEA 




Fio. V. 
BriainQo. eoronala. Abactiiud sorfltce. 

The Nervous System consists of three disconnected sets of 
nerres. The most important set is composed of a circumoral 
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ring, from which a branch runs up each ray between the rows of 
tube-feet, and external to the pseudhaemal radial vessel. Each 
branch gives ofif nerves to the tube-feet and ectoderm of its ray. 
The second set of nerves consists of bands lying internal to the 
radial branches of the first set ; they lie along the perihaemal canal, 
which surrounds the pseudhaemal vessel ; the branches from these 
nerves supply the muscles of the ambulacral ossicles. The third 
group of nerves is abactinal in position; there is a ring round 
the anus, giving off a branch along the upper side of each ray, and 
innervating the muscles of the body wall. 

The Genital Organs of Astenas consist of ten branched glands, 




a pair being situated on the dorsal side of each ray close to the 
disc. Each gland has a separate aperture on the abactinal surface. 

The only special respiratory organs are a series of long, tubular 
prolongations of the body -cavity, known as papulae, dermal 
branchiae, lymph gills, or branchial vesicles. In Asterias they 
occur on all sides of the rays and disc. 

The most interesting sensory organ of Asterias is a small 
eye-spot on the terminal podion of each ray (Fig. XXV. on 
p. 30). The animal has an olfactory sense, for it will follow 
food, even after the eye-spots have been destroyed ; the situation 
of this sense is diffuse, for any part of a starfish arm that can 
move independently will follow food (Romanes) ; but Prouho 
limits the sense of smell to a few podia near the end of the ray, 
which he calls " palps." 
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The Variations in Strnctnre from the typical genus are less 
remarkable among the Asteroids than among the Echinoids and 
Ophiuroids. 

In shape the extremes are genera such as Brisinga (Fig. V.) or 
Freyella^ and CtUcita (Fig. VI.). In the first two the arms are 
numerous and slender, and sharply marked off from the disc. In 
the last the body is bun-shaped, and the ambulacra extend for a 
short distance over the abactinal surface. 

The most conspicuous variation from Asterias in skeletal 
structure is due to the presence of a series of thick plates round 
the margin both of arms and disc. These marginal plates are 
best developed in the order Phanerozonia. There may be two 
series, one above the other, and known respectively as supra- 
marginals and infra -marginals (Fig. YII. d and c) ; in some 
genera intermarginal plates occur between these two series. 

The spaces (actinal interbrachial 
areas) between the marginal 
plates and the ambulacral fur- 
rows may be occupied by a 
series of accessory plates, form- 
ing a pavement like mosaic. 

The accessory plates on the 

abactinal side may be large or 

small, equal or unequal. In 

pj^ y^j some species the central plate 

Segment of ann of WcreHimg«Mri,. ., ^« ?*!'g®' *«^ ^^^^ ^^ the TB^ 
Bupra-ambnlacral plateu ; b, ambulacral plat«8 ; maining platCS are arranfi^cd in 
c and d, inferior and superior lateral plates : r, • i i •. mi i . * 

dorsal plates with paxiiiw. circles round it. The plates of 

three of these circles have been 
regarded as the homologues of the calycinal plates of Crinoids, and 
are accordingly sometimes named the radials, basals, and infra- 
basals (but see p. 14). In Cnemidiaster wyvUlei the central, and 
the so-called radials and basals are present; in Zoioaster fulgens 
there are infra-basals as well. The order of development of these 
plates is as follows : — First five plates appear round the centre 
of the abactinal surface ; these plates move outwards to the arm- 
tips, and form the terminals ; a second ring appears, the plates of 
which are the " basals " ; the central plate next develops in the 
centre of this ring ; the radial circle follows, and after that come 
the "infra-basals.". Between the plates of the last set and the 
central some genera have additional plates, which cannot be 
homologised with any in Crinoids. 

The Oral Skeleton consists of a ring of plates round the mouth. 
The ring is composed of as many segments as the starfish has rays, 
and each segment is interradial, and forms an "oral angle ^'; it 
consists of two sets of plates, usually three in number. 
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The oral skeleton is described as either ambulacral or adam- 
bulacral, according as the ambulacral or adambulacral plates 
are the more prominent. Yiguier, in his important memoir on 
the skeleton of the Asteroids, pointed out the existence of these 
two types, and based his classification upon this character. As we 
have seen, in the genus Asterias the oral skeleton consists of a 
solid ring, in which the ambulacral plates form five prominences, 
while the adambulacral plates are small, and occur in the angles 
between them. Such a mouth-structure is described by Yiguier as 
'* ambulacra]." In Feniaceros (Oreaster), on the other hand, the 
ambulacral plates are inconspicuous, and the adambulacral plates 
project into the buccal cavity and form the jaws. This type is 
Viguier's "adambulacral mouth." In both cases above the adam- 
bulacral plates is a basal, interbrachial, or oral plate which is 
called by Yiguier the odontophore, although it does not bear the 
teeth ; its value is of secondary importance. 

The Pedicellariae of Asteroids are of four main types. The 
simplest form consists of a row of pairs of small, sessile, opposa)>le 
spines; these are the "pseudo- pedicellariae." The members .0) 
the second set are " sessile." The next advance is the develop- 
ment of a stalk; of these pedunculate pedicellariae there are 
two varieties: (1) the " forficiform," in which the two hooks are 
attached to the nearest end of the basal plate nearest to them ; 
(2) the " forcipiform," in which the two hooks cross one another 
and are attached to the end of the basal plate furthest from them. 
Perrier has used the pedicellariae as the basis of his classification 
of the Asteroids, on the ground that they are the degenerate repre- 
sentatives of organs once more important. Other authors, however, 
regard them as modified and elaborated spines, in which case they 
are of little taxonomic value. 

Another type of spines occurs as part of the structures known 
as '' paxillae." Each paxilla consists of a thick plate supporting a 
number of short, calcareous pillars, the summit of each of which 
is covered by a group of small spines. In some Phanerozonia, such 
as Astropeden, the paxillae occupy almost the whole abactinal 
surface of the Asteroid (Fig. YII.). 

The Water- Yascular System is on the same plan as in Astenas, 
but there are the following modifications : — In most starfish there 
is a pair of Polian vesicles in each interradius ; they rise from the 
circumoesophageal vessel beside the Tiedemann's body. The 
radial branches and its podia are simplified by the absence of 
ampullae, as in Brisinga, or by the podia ending in points instead 
of suckers, as in the Astropectinidae. Suckers are improvised in 
such pointed podia by a contraction of the walls below the end. 

The number of madreporites is very variable among the 
Asteroids; in most of those with many rays there are several 
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madreporites, but in the Solasteridae there is but one; on the 
other hand, many five-rayed starfish, such as ^erias capensis, have 
more than one. The stone-canal is repeated,^ especially in forms 
which reproduce asexually. 

There is no anus in the Astropectinidae, the meml>ers of which 
are more primitive than Asteiias in many respects. The radial caeca 
of the stomach remain constant, but the rectal caeca vary in number 
and arrangement ; they are increased to five in many genera, and 
in Cnlciia each of the five caeca branches into two. 

The "papulae" or Viranchial vesicles, which, in Asterias, rise 
from all parts of the external surface, are limited among Phaner- 
ozonia to the abactinal surface, and to the area enclosed by the 
supra-marginal plates. 

The Genital Organs are, as a rule, less concentrated than in 
Asferias, The glands are repeated along the arms ; in the simplest 
Ciises each series discharges its products by a single sieve-plate. 
The extreme case is in Brisvigay where there are a series of separate 
glands along the arm, one pair to each segment, and each gland 
discharges by a separate aperture. 

In Asterina gWJfOsa the genital orifice is on the ventral or 
actinal surface, as in Ophiuroids. 

The development of the Asteroids is generally indirect, the larva 
passing through a metamorphosis. The typical form of larva is 
the Bipimwrin, which passes through an Aurkvlaria stage and thus 
resembles the larvae of the Holothurians rather than of the 
Echinoidea or Ophiuroidea (see p. 5). In some cases the Bipinnaria 
develops into a Brachiolnria by the division of the frontal process 
of the larva into three branches. In some genera, such as Asterina 
(the development of which has been studied with especial care), 
the Bipinnaria stage is never developed, although the larvae are 
free-swimming and undergo metamorphosis. In other cases, e.g. 
in Blakiasier and Pteraster, the development is direct; in the 
former case, the ova develop in " arcade-like spaces " between the 
paxillae of the abactinal surface ; in the latter there is a large 
marsupium formed by the presence of a supra-dorsal membrane 
rising above the abactinal surface. 

Asexual reproduction is not uncommon ; it results either from 
a division of the body, approximately into halves, or by regrowth 
of the disc from an arm that has been thrown off. The latter 
method occurs especially in Liiickia, and with the first appearance 
of the disc the starfish is said to assume the comet form. 

Proceeding to the Systematic Description of the orders and families, 
we may sum up the foregoing characters m the following Diagnosis of 
the Sub-Glass.^ The Asteroidea are eleutherozoic, actinogonidial, and 

" Emended from Bell (4), p. 19 ; the terms are explained, antea, p. 237. 
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lysactinic Echinoderms in which there is an ambulacral groove. The 
arms generally pass gradually into the disc, but in some cases are 
sharply marked off from it. The digestive system generally has an anus, 
and shares in the stellate disposition of the body. Peutameric repetition 
is more often exceeded in this tiian in any other class, and asexual repro- 
duction is not uncommon. Ecspiration diffuse. The madreporic aperture 
is generally abactiual. 

This diagnosis at once sharply separates the Asteroids from all 
Echinoderms except Ophiuroids, between which, as we have seen (p. 238), 
it is not possible at present to draw any pi-ecise line of separation. The 
Asteroidea, however, always have an open actinal groove, whereas this 
is exceptional among the Ophiuroidea ; the arms usually pass gradually 
into the disc, and generally contain throughout prolongations of the genital 
and alimentary systems. 

OuDEs 1. Phanerozonia, Bladen. 

Asteroidea with large marginal plates, and with the dermal branchiae 
or lymph gills limited to the abactinal surface. 

This order includes a group of starfish which begnn in the Cambrian 
age and has lived on till the present time. Its members can be readily 
distinguished by the large size of the marginal plates. The limitation of 
the dermal branchiae to the abactinal surface is a more primitive con- 
dition than that met with in the Cryptozonia. Embryological evidence, 
and the greater im];)ortancc of the order in the Palaeozoic and Mesozoic 
eras also suggest that this is the simpler of the two ordera of star- 
fish. 

The Palaeozoic genera appear to be normal members of this oiiler, 
and some of them may l)e included in existing families. They are, how- 
ever, often all grouped together as an order, the " Pala*asteroidea," and 
separated from all the later, or " Euasteroidea." The character on which 
this separation is based is the alternation of the ambulacral ossicles in the 
former, whereas they are said to be always opposite in post- Palaeozoic 
Asteroids. This character is of great importance among Ophiuroids, for 
when the ossicles are alternately arranged, they cannot be united into verte- 
bral ossicles. But when the ossicles are narrow, thin plates, closely packed 
into two series, one on either side of a ray, and when the se])aratc ossicles 
meet those of the other side only by their narrow ends, then alternation 
is very likely to arise from growth pressure. In fact, one jjart of an 
arm may have the ambulacral ossicles alternate, while in another part 
they nmy be opposite. The character, moreover, is one on which little 
reliance can be placed when applied to fossils, for a slight movement is 
sufficient to alter the relative j^ositions of the two seriea It is difficult 
to explain the relative positions of the ambulacral ossicles in different 
arms of the same Asteroid, except on the assumption that the two series 
moved past one another during the lateral bending of the arm. Alterna- 
tion of the ossicles was probably an original character ; but as the arms 
became flexible with the reduction of the external skeleton, and as the 
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ambulacial oesicles became narrower, greater freedom was gained by the 
opposition of the two plates of a pair. The artificial natnie of the 
divisions based on this character is shown by Stiirtz's action in dividing 
several of his families into halves and placing memben of the same 
family in two different orders. Thus he founded a family Palaeechin- 
asteridae for the genera Echinatterella and PaUuteriKUs ; but he included 
the latter among the division with alternate ambulacral ossicles, and the 
former in the division in which these ossicles are opposite. As the 
" Pala^asteroidea '' include representatives of both Phanerozonate and 
Cryptozonate Asteroids, and of several families of each, it is necessary to 
diisuiember such an artificial group. 

Family 1. Palaasteridab. Phanerozonia with most or all of the 
ambulacral ossicles alternate ; the madreporite is dorsal. Oral armament 
iOdambulacral. Abactinal skeleton tessellate. Rays long, disc small. 
This family includes a series of Asteroids occurring in the Lower 
Palaeozoic In most of them the ambulacral ossicles are alternate, 
but in some cases these plates are opposite, either for a part, or for the 
whole length of the arm. Hence this character docs not seem to be of 
the value assigned to it The marginal ossicles are always conspicuous, 
and, as far as is known, the madreporite is fairly small and dorsal in 
l>08ition. The oral skeleton consists of a ring in which the adambulacral 
plates are most conspicuous. There are two sub-families. Sub-Familt 1. 
PALiEASTBRiNAE, in which the ambulacral ossicles are alternate. Genera 
— Palfeaster, Hall ; ArgnMer^ Hall ; {T) Monaster, Eth. jnr. ; and (?) 
PdrasteVy Billings pars. The genera are all Palaeozoic, ranging from tlie 
Cambrian to the Devonian. Among existing families the nearest ally is 
the Archasteridac. Sub- Family 2. Xcnasterinab, including those 
with mool of the ambulacral ossicles in opposite pairs. Genera — Xenaster, 
Simonowitsch ; Teiraster^ Eth. jnr. & Nich. 

Family 2. Palaasterinidab. Phanerozonia with alternate ambu- 
lacral ossicles and small marginal plates. The oral armature is adam- 
bulacral. The madreporite is abactinal. The rays are short and are 
separated by large interradial areas. Genera — Paloeasterina^ M*Coy; 
SchoenasteVy Meek & Woi-then. 

Family 3. Aspidosomatidae. Phanerozonia with alternate ambula- 
cral ossicles ; large marginal ossicles and large interradial areas ; rays 
massive, petaloid, sub-petaloid, or tapering. On the abactinal surface 
there are large depressed areas between the marginal ossicles and the 
outermost of the longitudinal series of large plates which run along the 
arms. Genera — As^idosoma, Goldf. (the type-species is A. Amoldi, but 
as this is imperfectly known. A, petaUndeSj Simonowitscli, may be 
accepted provisionally) ; Palaeonectria, Stiirtz ; Palaeostdla, Stiirtz ; Trich- 
asteropsisy Eck ; Archa8teri<iSf Mull., may belong here, but the genus is 
insufficiently known. 

Family 4. Taeniasteridae. Phanerozonia with alternate ambulacral 
ossicles. There are neither disc nor interbrachial areas. The adambu- 
lacral plates are large and act as marginal plates. The axes of the 
marginal plates are parallel and the rays petaloid (as in SUnaster), or the 
axes of the marginal plates are convergent ; these plates bear spines on 
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their free ends, and the rays taper gradually {^wiwuiter\ Genera — 
TMiwiAer^ Billings ; Stomuter, Billings, pan (S. talteri, but not £>. put- 
chellus) ; both Ordovician of Canada ; Salteraster and Uratterella^ M*Coy, 
Silurian, England ; Protagteraeauthum, Stiirtz, Devonian, Germany. 

Family 5. Archasteridab. Phanerozonia with opposite ambulacra! 
plates. There is an anus, but no super-ambulacral plates. Pedicellariae 
are generally present The abactinal plates are spiniform or paxilliform. 
The adambulacral plates are large. This family includes a large number 
of Neozoic starfish, ranging from the Lower Oolites to the present day. 
They have frequently been included with the Astropectinidae, from 
which they differ by the presence of an anus, by the large size of the 
adambulacral ossicles, and by the absence of supra-ambulncral plates. 
There arc four sub- families, including sixteen genera. Sub- Family 1. 
Parachabterinae, comprising those in which the branchial vesicles or 
papulae are limited to an area at the base of the rays, and in which 
the actinal interradial plates are absent or are very few in number. 
Genera — Cheimster, Studer ; PararckasUr, Sladen ; PedxTioAery Perrier ; 
and PoiUader, Sladen. Sob -Family 2. Plutonabterinae, including 
those with papulae scattered over the whole abactinal surface. There 
are numerous acUnal interradial plate& Genera — Orefuuter^ Per. (non 
Ag.) ; Dijtaster, Slad. ; Goniopecteny Per. ; Lonchotagter^ Slad. ; Persephon- 
(uter, M.ison & Alcock ; Plutonaster, Slad.; Tethyaster, Slad. Sub- 
Family 3. PsEUDARCHASTERfNAE, including those with a definite median 
line of plates along the rays, and with the abactinal plates arranged 
in series parallel to the central line. There are no pedicellariae. 
Genera — Pseudarchastery Slad. ; Aphroditaster, Slad. Sub-Family 4. Arch- 
asterinae, including those in which there is a definite median line of 
abactinal plates, and the remaiiider are arranged in oblique rows. 
Pedicellariae present Genera — Acantharchaster, Verrill ; Archastery Verr. ; 
IsfuteTy Verr. The following genera are included by Sladen in this 
family, but not divided among the sub -families: — BaUhopecteiiy Verr.; 
Blakiastery Per. ; Luidiastery Stud. 

Family 6. Porcellanasteridae. PLaneroxonia with opposite ambu- 
lacral plates ; with thin lamelliform inarginal plates, traversed by cribri- 
form organs. There are two sub-families. Sub- Family 1. Porcell- 
ANASTBRINAE, in which the cribriform organs are highly developed and 
limited to a few plates, and there are no fimbriated channels in the 
actinal interradial areas. Genera — Catdastery Per.; PorceUanastevy Wyv. 
Thomson (Fig. VlII.) ; Styracaster, Hyphalastery Thoracastery and Pmui- 
astefy Sladen. Sub-Family 2. Ctenodiscinae, in which the cribriform 
organs are simple and occur on the margins of each pair of marginal 
plates ; continuations from the cribriform organs run through the actinal 
interradial areas as " fimbriated channels." Genus — Ctenodi4icu8y Miiller & 
Troschel. The most interesting features of this family are the develop- 
ment of the cribriform organs, densely packed groups of small spinelets or 
lamellae on some or all of the marginal plates. Their function is uncer- 
tain, but, according to Sladen, ^ it is not improbable they act as percolators." 
In some species of Aitropecten the marginal ossicles are bordered by 
fringes of small spines, which A. Agassiz has compared to the fascioles of 
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Spatangoids (see p. 319). In Ctenoductu the grooves between the marginal 
ossicles are bordered by bands of lamellae forming the simplest type of 
cribriform organs. In the rest of the Porcellanasteridae these organs are 
confined to a few special plates. In some species of this fiEunily the 
anus opens on the summit of a small tube. It rises from the abactinal 
surface of the starfish, and lias been accordingly compared to the stem 
of Crinoids, an homology which is quite inadmissible. 

Family 7. Astropectinidae. Phanerozonia with opposite ambula- 
oral plates and paxilliforni abactinal plates. Super-ambulacral plates are 
present, and the adambulacral plates ai*e compressed. There is no anus, 
and pedicellariae are rarely present. Tlie compressed adambulacral plates 
and the presence of a series of super-anibulacral plates, which occur inside 




Fio. VI If. 
Porcellanastcr cacruleus. Abactinal surface showing cribiifonn oiyans and anal tube. 

the arms above the ambulacrals, are the two most striking features of 
the Astropectinidae. The position of the super -ambulacml plates is 
shown in Fig. VII. There are two sub -families and nine genera. 
Scb-Family 1. AsTROPECTrNiNAE, including those members of the family 
in which the adambulacral plates touch the in fero- marginal plates 
along the ray. The marginal and adambulacral plates do not correspond 
in length or number. Genera — Astropedeif, Schulze ; Bathybiaster^ 
Danielssen and Koren ; Craspidaster, Slad. ; Dipsacaster, Alcock ; Blakiastei-j 
Per. (syn. Leptoptycliastei^ Smith), (Fig, IX.) ; Moriaster, Phoxaster, and 
Psilaster, Sladen. Sub-Family 2. Luidiinae. Astropectinidae with a 
row of small plates separating the adambulacral and infero- marginal 
plates. Genera — Astrella, Per. ; Lnidia^ Forbes ; Platasta'iasy Gray. 

Family 8. Pentagonastkridae. Phanerozonia with opposite ambu- 
lacral plates, large marginal plates, and tessellate abactinal skeleton. 
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The arms are short and the shape of the starfish is generally penta- 
gonal. Sub -Family 1. Pentagon asterinae. Pentagonasteridae with 
rounded, polygonal, or paxilliform abactinal plates. (Jenera — AnthenoideSy 
Per. ; AHerodon, Per. ; Astrogomuvij Miiller & Troschel ; Calliaster, Gray ; 
CcUlidermay Gray ; Chitonaster, Slad. ; Comptoniay Gray ; Dorigonay Gray 
{NymphasteTy Slad.) ; Goniodon, Per. ; Hoplaster, Per. ; Iconaster, Slad. ; 
Leptdster, Lor. ; Mediaster, Stimps. ; Metopaster^ Slad. ; Mitelephaster, Alcock ; 
Mitraster, Slad. ; Nedria, Gray ; Odontaster, Verr. (GncUhaster, Slad.) ; 
ParagonasteTj Slad. ; Pentagonaster^ Schulze ; Phaneraster, Per. ; Pycnaster, 
Slad. ; EosasteTy Per. ; Stephanaster^ Ayres. Sub-Family 2. GtOniodiscinae. 
Pentagonasteridae with flat, stellate, abactinal plates. Genera — GoniodiscuSy 




Fig. IX. 
Abactinal view of Hippasttrias phrygiana. 

MiilL & Trosch. ; Leptogonaster, Slad. (included by Perrier in Archasteridae) ; 
Stdlaster, Gray ; Ogmaster, v. Martens. Sub-Family 3. Mimabterinae. 
Pentagonasteridae with small, stellate, paxilliferous abactinal plates. 
The plates of the actinal intermediate areas imbricate over one another. 
Genus — ilftwuwter, Slad. Hoplaster, Per., is included by Sladen in the 
Pentagonasteridae, but Perrier places it with Goniodon, Gnaihatter, and 
Asterodon, in a special sub-family of Archasteridae. 

Family 9. Antheneidae, Per. Phanerozonia with opposite ambu- 
lacral ossicles and massive marginal plates. Abactinal skeleton stellato- 
reticulate ; the actinal intermediate plates bear large valvate pedicellariae. 
Genera — AfUhenea, Gray ; Goniaster, Ag. (em. Per.) ; HippasteriaSy Gray 
(Fig. IX.). 

Family 10. Pentacerotidae. Phanerozonia with opposite ambu- 
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lacral ossicles and irregular marginal plates ; the upper series are often 
covered. The abactinal skeleton is reticulate, and the plates bear large 
tubercles. There are no valvate pedicellariae on the actinal interradial 
areas. Genera — Amphiaster^ Verr. ; Adtrodiscus^ Gray ; Choncuter^ Lutken ; 
Culcitay Ag. (Fig. VI.) ; Nidorellia, Gray ; Paulia^ Gray ; Pentaceropsisy 
Slad. ; PetUciceros, Schulze (Oreaster, MiilL & Tr.) ; Sphaeraster, Quenst ; 
SphaeriteSf Quenst 

Family 11. Gtmnasteriidae. Phanerozonia with opposite anibu- 
lacral ossicles and unequally developed marginal plates. Abactinal 
skeleton tessellate, but its plates are irregular and only partially in 
contact. The actinal interradial areas contain large plates. The whole 
test covered with membrane. Genera — Asteropsisy Mtill. & Tr. ; IJei-ni' 
asterias, Per. ; Gymnasteria, Gray ; Lasiastery Slad. ; MarginasteTf Per. ; 
Porania, Gray ; Poraniomorphay Dan. & Kor. ; lihegaster, Slad. ; Tylastet-, 
Dan. & Kor. 

Familt 12. AsTERiNiDAE. Phauerozouia with opposite ambulacral 
ossicles, and with small, inconspicuous marginal plates, the axes of which 
are convergent. Intermediate plates imbricate ; those on the abac- 
tinal side lamelliform. Pedicellaria absent. Sub-Familt 1. Ganeriinae, 
with large marginal plates. Genera — Oycethra, Bell; Ganeria, Gray; 
Lebrunastery Per. ; RadiaHery Per. Sub-Family 2. Astbrikidae, in which 
the marginal plates do not exceed the remaining plates in size. Dermal 
branchiae arise from any part of the abactinal surface. Genera — AsterinOy 
Nardo, which has often been described as a typical Asteroid, and its embry- 
ology carefully studied ; Disasterinay Per.; NepantJiia, Gray ; PatiriOy Gray. 
Sub-Family 3. Palmipedinae, with dermal branchiae confined to the 
radial regions. Genera — PalmipeSy Ag. ; Stegnuistery Slad. Tremastery 
Verr., is also assigned to this family. 

Order 2. CiTptozonia, Sladen. 

Asteroidea with the marginal plates small and inconspicuous or 
absent ; when present the upper and lower rows do not touch. Dermal 
branchiae not limited to the abactinal surface. Ambulacral plates are 
generally crowded and narrow. Fither the ambulacral or adambulacral 
plates are the more prominent in the oral skeleton. 

This order is characterised by three main characters: (1) The 
insignificance of the marginal plates, whence the name Cryptozonia ; 
(2) the occurrence of papulae or dermal branchiae beyond the abactinal 
surface, whence the order is described as " adetopneusic " ; and (3) the 
crowding and narrowness of the ambulacral plates, whence the order is 
said to be '* leptostroterate." The last character is not developed in some 
Palaeozoic genera that appear to belong to this order. 

Family 1. Palaeogomidae. Cryptozonia witn alternate ambulacral 
ossicles and numerous long free actino-lateral spines. There is a web 
supported by a reticular calcareous skeleton. The adambulacral plates 
are large, and the spines are borne on the plates adjoining them. 
Genus — PcUaeocomay Salter. Bdellacomay Salter, is placed by its author 
as a sub-genus of Palaeocoma ; its affinities are doubtful, but are certainly 
not with this family. 
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Familt 2. Lepidasteridae. Cryptozonia with alternately arranged 
ambulacral ossicles. Disc laige ; rays comparatively short, thick, and 
blunt No lateral spines. The abactinal skeleton consists of closely set, 
irregular, granular plates. Qenus — Lepidaster^ Forbes (Fig. X.). 

Family 3. Tropida8TERIDae. Cryptozonia with ambulacral ossicles 
opposite or sub-alternate. Rays short, broad, and flat. Ambulacral 
ossicles narrow ; adambulacral ossicles broad and thin. 
Abactinal surface gitinular. Qenera — Tropid<utery 
Forbes ; (1) Cowipaewter, Worthen & Miller. The name 
of the ty])e genus was suggested from the apparent 
occurrence of a keel along the abactinal side of the 
rays. This, however, is only due to the ambulacral 
plates being exposed by the loss of part of the 
granular abactinal integument. Compsagter has a fio. x. 

narrow ambulacral groove, and is bordered by Lepuiastergmyi, Vorhes. 
imbricating actinal plates; its general characters Weniock LimeHione. 
resemble Tropidastery but it is insufficiently known for its affinities to 
be definitely settled. 

Family 4. LiNCRirDAE. Cryptozonia with opposite ambulacral 
ossicles, comparatively well-developed marginal plates. Disc small, with 
long cylindrical rays. Abactinal skeleton tessellate with granular integu- 
mentary deposits. Sub-Family 1. Roemerasterinae, with spines on 
the marginal plates and disconnected granular plates arranged in longi- 
tudinal series on the abactinal surface and sides of the arms. Genus — 
Roemeraster^ Sttirtz. Sub-Family 2. Linckiinae, with abactinal plates 
devoid of internal supplementary plates. Abactinal and marginal plates 
granulose and not bearing spines. Genera — Ferdina^ Gray ; Frcmiiay Gray ; 
Leicuter, Peters ; Linchia, Gray ; Narcissia, Gray ; Nardoa, Gray ; Ophidi- 
cuter, Ag.; Pharia, Gray; Pliataria, Gray; (?) Arthrastery Forbes. Sub- 
Family 3. Chaetasterinae, with internal supplementary plates and 
paxilliform tabulae. Genus — Chcietaster, Miill. & Tr. In this genus 
there are remarkable groups of spines borne on the ends of disc-like 
pillars, rising from the external plates ; these are known as paxilliform 
tabulae. Sub- Family 4. Metrodirinae, with the marginal and abactinal 
plates covered by membrane. There are neither internal supplementary 
plates nor paxilliform tabulae. Genus — Metrodira, Gray. 

Family 5. Stichasteridae. Cryptozonia with opposite ambulacral 
ossicles and contingent marginal plates. Disc small ; rays long and 
cylindrical. The plates of the abactinal surface are large, closely packed, 
and regularly arranged. Sub-Family 1. Sticha8tbrinae. The adambu- 
lacral plates are equal, have a simple armature, and have no ridges. 
Genera — Calycaster, Per. ; Coelasterias, Verr. ; Neomorphastery Slad. ; Siich- 
aater, Miill. & Tr. ; Tarsaster, Slad. ; Tonia, Gray. Sub-Family 2. 
ZoROASTBRiNAE. The adambulacral plates are unequal, and their armature 
is complex ; alternate plates have ridges. Genera — Cnemidiastery Slad. ; 
MatMnatter, Per. ; Pholidaster, Slad. ; Prognader^ Per. ; Zoroaster^ Wyv. 
Thorns. 

Family 6. Solasteridae. Cryptozonia with opposite ambulacral 
ossicles, and a reticulate, abactinal skeleton bearing paxilliform groups of 
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spines. Marginal plates obscure. No pedicellariae. Genera — OrosMtter, 
Miill. & Tr.; Ctencuter, Per.; Lophcuter, Verr.; ^ipidcuAer, SlacL; Solaster, 
Forbes (Fig. XI.). 

Familt 7. KoRETHRASTBRiDAB, Dan. & Kor. Characters — ** Crypto- 
zonia allied to the Asterinidiiej but distinguished by the complete absence 
of interbrachial spaces, and by the possession of a continuous, calcareous 
plating, and the formation of the paxillae" (Bell, 4, p. 23). Qenera — 
KorethrasteTy Wyv. Thorns. ; Periholader, Slad. ; Remcuder, Per. 

Family 8. Pterastbridae. ^' Cryptozonia in which the dorsal ossicles 
carry a spine crowned by long diverging spines which support a more 
or less well-developed menibmne ; this forms a marsupial recess for the 




Pio. XI. 
Abactinal surface of SaloiUr pappomf. 

young. No actinal intermediate plates, interbrachial septa, or pedicel- 
lariae '' (Bell, 4, p. 23). In this family the most remarkable feature is the 
development of a large marsupium in which the young are reared. This 
is formed by a large veil above the abactinal surface, from which it is 
raised by numerous long paxillae. The doi-sal membrane is perforated by 
many small pores ('* spiracula," Sars), and has a lai-ge central opening, the 
" oscular orifice." In some genera, e.g. Pterasier, there are also openings to 
the actinal surface, known as ''segmental apertures.'' There are often 
long spines, attached to the rays close by the adambulacral plates ; these 
are known as the actino-lateral spines, and they are either enclosed in the 
membrane of the actinal surface or in a marginal web. Sub-Familt 1. 
Cheiroptasterinab, with alternate ambulacral ossicles and short actino- 
lateral spines. (The presence of the marsupium is not certain.) Form 
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pentagonal. Genera — Cheiroptader, Stiirtz ; Loriolaster^ Stiirtz ; (t) Rho- 
palocwna, Salter. Sub-Family 2. Pterastbrinae, with a well-developed 
fiupra-donal membrane, opposite ambulacral plates, and actino-lateral 
spines. Form pentagonal. Genera — Benihastery Slad. ; Cahjiitaster, Slad. ; 
CrypUutir^ Per. ; FUxaster, Per. ; Hymenuster, Wyv. Thorns. (Fig. XII.) ; 
MarnpcuteTy Slad. ; Myxader^ Per. ; Sterasler, Miill. & Tr. ; Retader, Per. 
Sub-Family 3. Ptthonastbrinae, with stellate form, opiiosite ambulacral 
ossicles, and rudimentary marsupium formed by five triangular fan-like 
valves ; no segmental apertures or actino-lateral spines. Genus — Mayr- 
nder^ Per.; Pifthonad^ry Slad. 

Family 9. Palasteribcidae. Cryptozonia with the ambulacral 
ossicles alternate for at least part of the arms. The madreporite is 




Fio. Ml. 
IlyiMnaster jiellvddus (after Wyv. lliomHOii). 

large and ventral in position. Actino-lateral spines hre pre^nt. The 
dorsal integument is granular. The form is stellate with small inter- 
brachial areas. Genera — Paldstenscus, Stiirtz; Echifuisterellaf Stiirtz. 
Tliis family is remarkable for the abnormal position of the madreporite, 
which, unlike that of recent Asteroids, is ventral in position. This char- 
acter is possibly due to the development of a granular integument over 
the whole of the abactinal surface. Large spine-like paxillae occur, and 
it is quite possible that the granular integument was the roof of a large 
marsupium. There can l>e no question as to the position of the madre- 
porite, for the actinal and abactinal surfaces of the same specimen are 
shown in examples in the British Museum. 

Family 10. EghinaBtbridae. Cryptozonia with a reticulate abac- 
tinal skeleton of small imbricating plates. Ambulacral ossicles opposite ; 
the pores biserial; oral armament adambulacral. Interbrachial septa 

17 



258 THE STELLEROIDEA 

single if present Sub-Family 1. AcA:fTHA8TBRiNAS, with large disc and 
numerous rays; numerous madreporites. Qenus — Atm^ihaiU^^ Gerr. 
Sub-Family 2. Mithbodiinab, with a small disc, usually five ray^ One 
madreporite ; no interbrachial septa. Armed with large scaly spines. 
Genus — MiayrMa, Gray. Sub-Family 3. Eohinastbbihab, with a small 
disc and five or six rays. Spines small and simple. No pedicellariae. 
Genera— Dtefyajeer, Mason & Alcock ; EMmuUr, Miill. & Tr. ; Hmricia, 
Gray (syn. OHbrMn, Ag.) ; Perhnatter, Slad. ; PUdatUr, Shid. Sub-Family 4. 
VALTABrBBiNAB, with the maiginal plates bearing large valvate pedi- 
cellariae The disc is moderate in size, and there are five rays. Genus — 
VatvatUr^ Per. 

Family 11. Hxliastbbidab. Cryptozonia with opposite ambulacral 
ossicles and double interbrachial septa. The disc is large and bears 
very numerous short rays. Sub-Family 1. Hbllibthastbbinab. The 
abactinal skeleton is granular in the disc and bases pf the arms ; at the 
arm tips it is tessellate, but the plates not in contact Arms separate 
at their bases, so that the two sets of plates which form the interbrachial 
septa are separated by parts of the disc Infero-marginal plates occur 
round the disc Madreporite maiginal. Qenus — Hdianthagter^ F. Roem. 
This includes two Devonian species, of which only one is adequately 
known, and is of somewhat uncertain affinities. It was originally 
regarded as on Asteroid, but Stiirtz, in his latest description of its 
anatomy, referred it to the Euryalidae. Sttirtz's sx)ecimens, now in the 
British Museum, show nothing to separate them from the Asteroidea, of 
which however they are very abnormal representatives. The ambulacral 
plates are thin and L-shaped, but not crowded as in Hdiatter, while the 
abactinal skeleton is different. The species appears, however, to be a 
primitive form of the Heliasteridae, in which the arms do not occupy the 
whole margin of the disc, and are separated from one another through- 
out; the ambulacral plates are not crowded, so that the podia are 
biserial. Sub-Family 2. HsLiiisTERiNAE, with reticulate, abactinal 
skeleton and arms in contact with one another at their bases, there being 
no interbrachial spaces. The ambulacral ossicles are crowded and the 
pores quadriserial. Genus — Hdiagter, Gray. 

Family 12. Pbdicellabtbridae. Cryptozonia wim opposite ambu- 
lacral ossicles, a small disc and narrow sub -cylindrical rays. Podia 
biseriaL The abactinal skeleton consists of narrow plates forming a 
quadrangular network. Genera — Coroncuter, Per. ; Gastraster, Per. ; 
L^UuUr^ Per. ; PediceUasUry Sars. 

Family 13. Abtbriidae. Cryptozonia with opposite ambulacral 
ossiclea Podia quadnseriaL Abactinal skeleton reticular and composed 
of small unequal plates. Genera (including sub-genera of AsUrUu) — 
AnoaUricUy Per. ; Aaterias, Linn. ; CalvasteruUf Per. ; Coscinariertas^ Verr. ; 
CwmcuteriaSf Slad. ; Dipkbiterias, Per. ; Hydrastericu, Slad. ; Leptasteriat, 
Verr. ; PodatUrias, Per. ; PolycutericUy Per. ; Pycnopodia, Stimps. ; iSe^^r- 
asterias, Per. ; SmikutertaSy Slad. ; Sporcuterias, Per. ; Uniophora, Gray. 
The anatomy of Asteriaa is described on pp. 241-245. 

Family 14. Brisinqidae. Cryptozonia with opposite ambulacral 
ossicles ; marginal plates absent or rudimentary. Kays numerous and 
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sharply marked off from the disc. Abactinal skeleton absenti or present 
only on the ovarial regions at the bases of the arms. No intermediate 
actinal plates or interbrachial septa. Qenera — Brinnga^ Asbjomsen; (?) 
Brinngiuter^ Lor. ; Colpoiter, Slad. ; FreyeUcL, Slad. ; (7) Oymnobriiinga^ Stud.; 
(f) Hymenodiseuij Per. ; LMdiasteTf Liitken ; MeduaoMter^ Stiirtz ; OdiniOy 
Per. This remarkable family was originally founded for the genus Brinnga, 
which has many primitive characters. The arms are small and sharply 
marked off from the disc. There are no ampullae connected to the podia ; 
the generative organs consist of a series of small isolated glands along the 
arms. The genus was accordingly at first regarded as very primitive in 
structure and affording in some ways a link with the Ophiuroids. Later 
authors, however, such as Ludwig and Sladen, entirely repel this view 
and regard the Brisingidae as allied to the Asteriidae, and extremely 
specialised rather than primitive. Sladen concludes, "In my opinion 
the Brisingidae are true cryptozonate Asterids, very nearly related to the 
Asteriidae, Pedicellasteridae, Heliasteridae, and Echinasteridae, and prob- 
ably derived from a common ancestor, the divergence of form and the 
peculiarities of structure now exhibited by Briiiiiga being the result of 
modification produced by the extreme isolation and the exigencies of 
the abyssal depths in which the family has existed " (48, p. 593). But 
in Colpcuter and FreyeUa the genital glands are limited to swellings 
at the base of the arms ; and although the arms are sharply marked 
off fi*om the disc, at least six-sevenths of the arm has uo extensions of 
either alimentary canal or generative organs. The arm-ossicles of Freyella 
tuberetdata are identical in character with those of Ophiurifia, and they 
differ from Ophiogeran only by the absence of adambulacnd ossicles. 
Sladen gives no diagnosis of the class Asteroidea, so that it is not 
quite clear on what characters he would base the separation of Asteroids 
and Ophiuroids. But no known diagnosis of the Asteroidea would 
include Colpaster and Freyella^ and exclude forms universally admitted to 
be Ophiuroids. If the more primitive types of Brisingidae are a recent 
degenerate offshoot from the Asteriidae or some allied family, then a type 
of structure, practically indistinguishable from that of the Ophiuroidea, 
has been twice independently evolved. It seems therefore that Perrier is 
probat)ly correct when he regards the Brisingidae as the most primitive 
instead of as the most special of living Asteroids. 

The following fossil Asteroids are not sufficiently known for determina- 
tion : — 

CaUiaster, Trautschold ; Goelatter^ Saudb. non Agasa. ; CribrellUes, Tate ; 
Cupuladerj Fritsch ; Plumoiter, Wright; Trichotaster^ Wright. 



Sub-Class 2. Ophiuroidba. 

The Ophiuroidea form a sub-class of the Stelleroidea, including 
the sand-stars, brittle stars, and branching stars. The typical 
members of the class differ from the typical Asteroids by having 
the arms sharply marked off from the disc as appendages, and by 
not having a groove along the ventral side of the arms. These 
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differences are so important, anatomically, that the Ophiuroidea 
and Asteroidea are often regarded as distinct classes. Owing to 
the general external resemblance between the two groups, the first 
naturalists who described them made no attempt to separate them. 
Thus Linck, who in 1733 (23) figured several Ophiuroids, 
included most of them, along with some Asteroids, in his genus 
Sidla, The common British species, Ophiv/ra ci/tam, Linn, sp., he 
named Stellu lacertosa, and Ophioderma longkavda he described as 
Stdla lumhicalis longicauda. He, however, recognised that his group 
" Stella " must be broken up into several divisions, for he separ- 
ated Ophiothrix fragilis, 0. F. Miiller sp., under the name of Bosnia, 
and the branching forms under the name of Adrophytm. Linnaeus, 
on the other hand, did not grant the Ophiuroids even generic 
distinction, and included them all in the genus Asteiias. It 
was not until 1816 that Lamarck (21) definitely founded the 
genera Ophium and Euryale, De Blainville in 1834, L. Agassiz in 
1836, Dujardin in 1840, and Miiller and Troschel in 1844, added 
greatly to the systematic knowledge of the Ophiuroids, which they 
retained in the order Stellerida. The first proposal to separate 
the group as one of the primary divisions of the Echinoderms was 
made by Forbes in 1840 (11); he founded the order " Spinigrada " 
for the Ophiuroids, while the Asteroids he named the '* Cirrigrada." 
Gray, in 1840 and 1848, kept the two groups as separate orders, 
but united them in one class, Uypostoma. Since this date the 
view that the Ophiuroids are a distinct class has been widely 
adopted. 

The sub-clastf includes over one hundred genera, most of which 
are recent. The earliest fossil forms occur in the Ordovician, and 
representatives are known from all later systems. 

The recent spiBcies have been described by many authors, 
especially by Bell, Diiben, Forbes, Grieg, Grube, Heller, de Loriol 
le Fort, Ljungman, Liitken, Lyman, Marenzeller, v. Martens, 
Mortensen, J. Miiller, W. Peters, G. 0. Sars, Sladen, Stimpson, 
Studer, and Verrill. Lyman's report on the Clwllenger Collection 
is a complete synopsis up to 1882 (31). 

The fossil Ophiuroids are rare, and, as a rule, badly preserved. 
The literature consists mainly of the description of isolated 
specimens, as by £. Billings, Bohm, Forbes, S. A. Miller, Pohlig, 
C. F. Roemer, H. Woodward, Worthen, and Wright. Stiirtz and 
Roemer have described the remarkable fauna from Buudenbach in 
Germany, and Salter that from the English Silurian. References 
to the American Palaeozoic species are given in Miller's North 
American Geology and Paleontology. 

The first classifications of the Ophiuroids were artificial ; the 
basis of a natural arrangement was laid by Ljungman in 1867 
(24). Previous to that date the group had been divided into 
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two families — the Ophiuridae, including the forms with simple 
arms, and the Astrophytidae, the members of which have branched 
arms. Raised to sub-orders and divided into families, these two 
divisions have long survived. In 1892 Bell (3) proposed a classi- 
fication into three orders, to which a fourth has been added to 
include some fossil forms (Gregory, 15). 

The first important contributions to the anatomy of the 
Ophiuroids were an account of the structure of the Euryaleae by 
L. Agassiz, and of the skeleton of various genera by Miiller 
(1 854^. Further researches have been carried out by Gu^not (1 888) 
and Hamann (1889). The two authors, however, to whom we are 
most indebted are Lyman, who, in a long series of papers, has 
described the skeletal structures, and Ludwig, whose masterly 




Fig. XIII. 
Ophinpkolis acHlenta, abactinal surface. 

memoirs gave the first detailed account of the visceral anatomy. 
Genera of exceptional interest have been described by Bell, 
Ludwig, Simroth, and Sladen, to whom we owe memoirs 
respectively, on Ophioieresis, Triehaster, Ophiadis^ and Astrophiura. 
The development was first studied by Miiller and Krohn (1861) ; 
Ludwig in several memoirs, and Apostolides (1882), Russo (1891), 
Cu^not (1892), and Bury, have studied additional forms with modern 
methods; while MacBride, in 1896, has shaken, if not destroyed, 
faith in the theory of the homology of the "calycinal" plates 
(p. 14) as taught by Lov^n, Carpenter, and Sladen. 

The body of an Ophiuroid, like that of an Asteroid, consists of 
a central disc, from which radiate several (generally five) arms (Fig. 
Xin.). The disc, however, is not formed, as it is in Asteroids, by 
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the union of the bates of the arms, but is sharply marked off 
from them, and they are attached to it as appendages; there 
is not, moreover, in the Ophiuroids the ventral groove of the star- 
fish. These characters, however, are not absolutely to be relied 
on ; thus in some species of Asiroschema there is no sharp separa- 
tion between the arms and the disc; while in Ophioteresis (Fig. 
XrV.) the radial ambulacral vessels and nerve-trunks lie in shallow 
grooves on the ventral surface of the arms. 

An idea of the Structure of a typical Ophiuroid may probably 
be best obtained by the careful examination of a representative 
species, for which purpose the commonest English brittle star 
{OpMura eilians, Linn, sp.) is a convenient type. 

This Ophiuroid consists of a round, flat, scale-covered disc, from 
which radiate five long, tapering arms. The Arms are composed 
of a series of jointed segments, each containing six plates. Two 
of these are fused together into a single " vertebral ossicle,'' and 




Ophiotensis (after Bnll). Aboral Murface of an ami oshIc e ; r/, the double donal ann-plates ; 
a, articalar cavities ; I, lateral ann-plates. 

a series of these forms the axis of the arm. The remaining four 
plates form an external tube round the vertebral ossicle. One 
pair occurs at the sides, and is known as the lateral arm-plates or 
shields. Another of the four plates lies above the vertebral 
ossicle, and is accordingly known as the dorsal arm-plate (or 
dorsal shield) ; the fourth lies on the lower surface of the arm, 
and is accordingly known as the ventral arm-plate (or ventral 
shield). Each lateral arm-plate bears seven short spines. 

The plates forming the central chain of the arm are known 
as 'Wertebral ossicles,'' because, in typical Ophiuroids such as 
Ophiura eiliaris, they articulate by a series of knobs and sockets 
like the bones of a vertebral column. In a typical vertebral 
ossicle the two articular surfaces are very different ; in the proximal 
or adoral surface (that nearer to the disc) the most conspicuous 
features are the prominent central umbo (Fig. XY. u) and two broad 
^' lower muscle fields" (Fig. XY. Ini) at the two lower angles. 
Above the umbo there is a narrow " upper canal furrow " («./), while 
a corresponding ** lower canal furrow " ({./) occurs between the two 



THE STELLEROIDEA 



263 



muscle fields. Above the lower furrow there is a depression to 
receive a prominence on the distal face of the adjoining ossicle, and 
on each side of the depression there is a small knob, which similarly 
fits into depressions on the adjacent ossicle. On the distal or 
aboial surface there is a deep " umbonal socket " (ti.5), and also 
the prominence and two hollows already referred to; the two 



u,s. 





Fio. XV. 

Vertebral 0S8icI« of Oj^Atnra dVmri* (after HiUler). 1, abumi siirfnce; 2, aduml KitrfUce. 
tt, umbo; 2.t», lower iiiiiHcle field; v^, upper, and //, Inwer canal furrowM; «.t, umbonal 
socket ; c, caiuil for the podion (shown by removal nf part of muHcle field on right side). 

lower angles are occupied by broad expanded surfaces, under 
which pass the tubes of the podia (the surface on one side in figure 
is broken away to show the canal for the podion, c). 

Passing from the arms to the Disc, the skeleton is seen to 
consist of two sets of plates, one belonging to the external integu- 
ment, and the other to the oral system. 

The Oral Skeleton is complex. It may be most readily con- 
ceived as resulting from the fusion of the elements of two segments 
in each of the arms. The entire oral 
skeleton surrounds the mouth, and con- 
sists of as many segments as there are 
arms. Each segment is roughly triangu- 
lar in shape, the apex pointing inwards, 
and being separated by the deep " buccal 
fissures." The principal element in each 
segment is a pair of ** syngnaths " (Fig. 
XYI.), also known as oral angle-plates, 
jaws, mouth-plates, scuklla oi'alia, etc. ; 
the name syngnath is suggested for them, 

as they consist of two parts generally ^l"^^^^? o^fil^^^ir 
completely fused together. The larger 

piece of the syngnath is the mouth frame (m./), which unites with 
the corresponding plate of the next segment across the buccal 




n.g. 



Fio. XVl. 



(after 
ame 



Synsnaths of Ophiura dliarU 
ber Miiller). j, jaw ; mj, mouth 



n.g, groove for cfrcum* 
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fissure. The smaller piece is the jaw, which unites with the jaw 
of the next arm to form the angle of the oral segment. Each jaw 
has a depression, in which rest the oral tube-feet, and is notched by 
a groove for the circumoral nerve ring. 

The union of two adjoining jaws is strengthened by a small 
plate at the apex, known as the " jaw plate " or iorva angularis. 
This plate supports the teeth, of which, in Ophiura ciliaris, there are 
five in each segment. A series of similar processes occur along 
the side of the jaw, projecting into the buccal fissure ; these are 
the oral papillae (mouth papillae or buccal papillae), of which, in 
Ophiwra ciliaris, there are ten or more in each series. 

The angle between the two jaws of one segment is occupied by 
a shield-shaped plate, known as the " buccal shield " (oral plate, 
mouth-shield, or scutum huccale). These plates are interradial in 
position ; the smaller plates corresponding to them, but radial in 
}X)S]tion, are the first ventral arm-plates. Between the mouth- 
frames and the buccal shields are five pairs of long, bar-shaped 
" peristomial plates," which cross the interradial spaces from arm 
to arm ; they cannot be seen from without, as they are covered 
by the shields, and by two plates beside the latter, known as the 
lateral buccal shields (or scxda adoralia). 

The oral skeleton of the Ophiuroid is therefore very different 
from that of the Asteroid. But both are formed by the modification 
of similar parts, viz. the ambulacral and adambulacral ossicles of 
the arm segments. In the Ophiuroid the supposed homologies of 
the principal parts are as follows : — 

Vertebral (=:anibulacnil Lateral arm-plates 

osDicles). ( s adambulacral ossicles). 

1st arm segment ])eri8tomial plates jaws 

2ud „ mouth-frames lateral buccal shields. 

The remaining elements in the skeleton of Ophiura belong to 
the exoskeleton. On the upper or aboral side of the disc there are 
five pairs of large and somewhat pyriform plates known as '* radial 
shields " (Fig. XXIII. r.s). Between them are a few smaller plates, 
and the rest of the disc of 0. cUiaris is covered with small, 
irregular, imbricating scales. 

On the lower surface of the disc there are two pairs of long, 
thin plates beside the bases of the arms. A narrow cleft, the 
" bursal slit " (known also as the bursal aperture, genital slit, 
genital cleft, and ovarian aperture), separates these plates. This 
slit leads into the bursal cavity, into which the generative products 
are discharged from the gonads. Of the two bar-like plates 
bounding the bursal slit, the larger is the " genital plate,'' and the 
smaller is the " genital scale." 

The Alimentary Canal of the Ophiuroids is simpler than in 
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either Asteroids or Echinoids. The mouth is situated in the centre 
of the lower surface of the disc, and from it the buccal fissures 
radiate. The mouth opens to a short oesophagus, above which 
is a large digestive sac, occupying nearly the whole cavity of the 
disc. Neither anus nor diverticula along the arms are present. 

The Water-vascular System consists essentially of a circum- 
oesophageal ring which gives rise to five radial vessels bearing tube- 
feet, and five vesicles, one of which communicates with the exterior. 
In Ophiura ciliaris the circumoesophageal ring lies over the syn- 
gnaths, through which pass branches (Fig. XVII. o.v) leading to 
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UlKfU. 



Pio. XVII. 

Diagram uf circumoral r^iou of Opldura ciliaris (after Miiller). c.cB.n, circumoesophageal 
nerve ring; ca.v, circmnoesophai^eal water- vancular ring; e.n, nerve branch to integu- 
ment ; i.v.m, intervertebral miiscleH ; i.v.n, intervertebral nerve ; j, jaw ; j.p, Jaw plate ; 
crit oral nerve; o.p, oral papillae; o.t, oral tentacle; o.v, branch of water vessel to oral 
tentacle; p.n, podial nerve; p.v, Polian vesicle; r.re, radial nerve; t, teeth; t.^r, tentacular 
groove ; t.n, tentacular nerve ; r.o, vei'tebral oRsiclefi. 



the mouth-tentacles {o.t) ; radial vessels run along the under sides 
of the arms. In each of four of the inberradial (or interbrachial) 
spaces there is a *' polian vesicle" (p.v); in the fifth interradius there 
is a short expanded stone-canal (Fig. XVIII. s.c) which opens to the 
exterior by a single madreporite on a buccal shield. The radial 
vessels lie in the lower canal furrows of the vertebral ossicles (Fig. 
XV. If); branches from the radial vessel pass through the vertebral 
ossicles ; they emerge at the lower angle of the ossicle, and the 
podia pass to the exterior through a space between the shields. 
There are no ampullae, but the flow of water is regulated by 
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valves. There are no suckers, so the podia are useless in loco- 
motion. 

The Nervous System of Ophiura ciliaris consists of a circum- 
oesophageal ring, from which radiate five radial nerve trunks (Fig. 

XVII. c.(B.n and r.n) ; it also gives 
off small branches to the oral ten- 
tacles, teeth, and oral muscles. The 
radial nerve trunks consist of two 
separate nerve bands, one above the 
other, both lying in the " epineural 
_^;^ , ,^_^ canal" (Fig. XXL e,r,n and i,r.n), 

-^y\ C.O.V VsZ^ "^^^ ^^^ nerve bands are not con- 

" ' ' nected, though situated very close 

to one another. Both radial nerve 

trunks thicken into ganglion -like 

swellings, of which there is one in 

each arm segment. From th e ganglia 

of the upper or internal nerve band, 

branches are given off to the muscles 

between the vertebral ossicles. 

From each ganglion of the lower 

or external nerve trunk, two pairs 

of nerves are given off; one pair 

supplies the tentacles, and the other 

the integument and spines. 

The last element in the Ophiuroid nerve system consists of a 

" genital nerve ring," which lies along the " aboral circular sinus." 

Respiration in the Ophiuroids is effected only by the walls of 

the bursae, and by the podia. 

The Reproductive Organs consist of a series of small pear- 
shaped gonads (Fig. XIX. g) which do not open directly to the 
exterior, but into the bursae, where, in some cases, the development 
takes place. In Ophiura there are more than forty gonads to each 
bursa. 

The Coelomic Sinus. There appears to be no true blood- 
vascular system in the Ophiuroids ; the vessels which have been 
described as such are connected with the axial sinus, and are there- 
fore coelomic spaces and not vessels (MacBride, 32, and Russo). 
The axial sinus (Fig. XX. x.s) is the most important ; it is the space 
through which runs the stone-canal, and it contains a gland in con- 
tact with the stone-canal, which is known as the " ovoid gland " or 
** axial organ " (z.o), (see p. 23). From the upper end of the axial 
canal runs the "aboral circular sinus." The course of this sinus 
is very sinuous : above the arms it is aboral in position, but 
beside the arms it bends downwards until, in the interradii, it 
is quite ventral in position. The main sinus passes on the inter- 



Fio. XVIII. 

Water-vasciilar ring of Opfiiura ciliaris. 
o.bt branch to oral tentacles ; c.o.v, circnni* 
oesopliageal vessel; m, niadreporite ; p.r, 
poliau vesicle ; r.v, radial water vessel ; 
f.Ct stone canal. 
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radial side of the bunae, and sends off a branch along the radial 
side of each bursa. The parts of the sinus beside the borsae bear 
the gonads. 




Fio. XIX. 
Gonadti (g) and bursae (5) of Ophioglypha alMda, (After Ludwig.) 



Ai*m Structure. As we have seen, there are no prolonga- 
tions of the digestive or reproductive organs in the arms, 
while branches of the nervous and water -vascular systems run 
along the ventral side between 
the vertebral ossicles and the 
ventral arm-shields. It follows 
therefore that the vertebral 
ossicles are directly supra- 
ambulacral, and are homologous 
with the ambulacral ossicles, 
and not with the supra-ambu- 
lacral ossicles of such Asteroids 
as Astropeden. A transverse 
section across an Ophiuroid arm 

is shown in Fig. XXI. (cf . p. 1 5). Diagnumnmtic section Uirough orid region of 

Ophiuroid (after MacBride). amp, ampulla ; h, 
— . , ^ 1 • bursa ; i.wi, interradial rnuacle of the disc ; g.s, 

From such a type as Ophvwra genital sinus; g,r, genital fhachis; m, moutli : 

caiaris, with its smooth, flat, l^ifte'^r^?, ?SitoTSii S^^ri 
circular disc, its irregular, scaly 2Suir»a^*L'/iS£a'si?iJ? '*''• 

plates, its comparatively short, 

straight, unbranched, and regularly tapering arms, there are many 
striking deviations, both in aspect and structure. 

The Exoskeleton may be either more or less complete than in 
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OpMura. The most important addition to the plates found in that 
genus is formed by the plates of the so-called "apical system/' 
In some species, such as Ophiamusiym validum, there is a central plate 




Pio. XXI. 

Diagraiuinatic section through arm of Ophinroid. br.e, donal bnmch of bimehial coeloinic 
Hyitem ; 4.9, dorsal arm-plate ; e.r.it, external radial nerve ; i.r.11, internal radial nerve ; I.«, 
lateral arm-plate ; pdt poaion ; 2xi.n, podial nerve : r.e.e. radial tniiienral canal, and r.p.c, radial 
pseudhaemal canal, together fonning ventral branch of the bradlial coelomic system ; r.v, radi.1l 
vessel ; v.o, vertebml ossicle ; f.^, ventral ann-plate. 

surrounded by three circlets, each of five plates ; these were once 
regarded as homologous with plates in Asteroids and Grinoids, and 
therefore named the infra -basals, basals, and radials. In some 
species, such as Ophiomitra exigua, the two circlets of radially situated 

plates are absent, and only the 
central and basal plates are 
present. In Ophioerene and 
Ophiura convexa, Lym. sp., there 
are only the central plate and 
the radials; in Ophiura mimUa, 
Lym. sp., there are the central, 
radial, and basal plates. The 
last possible combination occurs 
in a species of Pedinwra (Fig. 
XXII. ), in which the two circles 
of plates round the central have 
been described as the radials 
and inf ra-basals. In some other 
forms, such as Ophioeeramis db- 
strida, Lym. (Fig. XXIIL), there 
is a remarkable uniformity in the 
plates on the dorsal aspect, but 
these are not arranged on the 
calicular plan. In some other cases, such as Ophiura inomaia^ Lam. 
sp. (Fig. XXIV.), there are two " infra-basal " plates side by side 




Fio. XXII. 
Dorsal plates of Ptetinura, sp. (After Bell.) 
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below each radial. The genus in which these supposed calycinal 
plates most resemble a Crinoid cup is the genus OpAtopyr^vs 




Fio. XXUI. 

Abactiiittl platoit of Oi^MoecrauiU o/«rfr(cf<r, Lyiii. (udpr I^yiiiuny. r^ cetilral plate ; r..<(, ndial 
tfliieldfl : (f.K.j) and ^a.2}, dorKiil and laU'ral ann-platrs. 

(Fig. XXY.), in which the dorsal side is raised into a conical 
projection. 

The irregulai'ity of these " calycinal plates " both in develop- 




Fi.«. XXIV. 
Abaetiual plates of diitc of Oljifciitm i^orwita (Lam.), c, caotnl, tj^^ ndial skieldtf. 

ment and arrangement discredits their supposed homology with 
the three circlets of plates in the calyx of a Crinoid. It is only 
natural that among the many variations in the grouping of the 
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dorud plates of Ophiuroids, that one or more pentamerous rings 
should be more oonspicaoiis than the rest. 

In the previous cases the dorsal plates of the disc are more pro- 
minent than in Ofkiwra, In some other Ophiuroids, however, these 

plates are less important. 
Thus the radial shields may 
be buried beneath the in- 
tegument, or may be absent 
altogether, as in NeopLax; 
the remaining plates may 
also be reduced to scales 
or small granules embedded 
in a soft integument, as in 
the Gorgonocephalidae. 

Variations in the Arm 
structure offer important 
indications as to the affinity 
between Ophiuroids and As- 
teroids. The differences be- 
tween such types as Ophiura 
and Asterias are very great ; 
but many intermediate 
stages occur between these 
extinct genera it is doubtful 




Fig. XXV. 

OfhUtpyrgus, Men fh>in the side (after Lyiiuu). 
e, eentrmi, b, ImmI, r, radlu plates. 



extremes ; and in the case of some 
to which sub-class they belong. 

The vertebral ossicles of some existing deep-sea Ophiuroids, such 
as Ophiogeron (Fig. XXVI.) or Ophiohdus (Fig. XXVII.), consist of 
two separate bars similar to the ambulacral ossicles of Asteroids. The 
same arrangement holds in some fossil sj^ecies, such as Lapwarthura 
MiUorU, A further approximation to the arm struc- 
ture of Asteroids occurs in some genera from which 
the ventral arm-plates are absent. The radial water- 
vascular vessels then lie along open grooves, as in the 
Asteroids. This condition is found among recent 
Ophiuroids in the genus Ophioteresis, and among fossil 
members of the class in the extinct Lysophiurae. 

In such cases it is generally easy to recognise that 
the lateral arm-plates are homologous with the adam- 
bulacral plates of Asteroids, a point also well shown by 
the living Ophioteresis (Fig. XIV.) 

The lateral arm-plates, though often smaller than 
the ventral or dorsal arm-plates, are morphologically 
the most important. They are always present, except when the 
arm is covered by a soft or granular integument, as in the 
Gladophiurae and some genera of Streptophiurae. 

The dorsal arm-plates vary more than either of the other sets. 




I.a.p 



Fio. XXVI. 

Arm-platee of 
Ophiogeron tupi- 
[magnified), 
ainbulaeral 



^t 



La.», lat- 
eral anu-platef : 
«, spine. 
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They are doable in Ophioteresis and Ophiomyxa peniagona^ are split up 
into several pieces in Asirosehema (Fig. XXVIII.), and into a mosaic 
of small plates in Hemiewryaie ; or they are absent altogether from 
many genera, such as NeoplaXy Ophiobyrsay Protasier, Laptoorthv/ra, 



La.p 




Fio. XXVII. 

Arm-plates of Oi^{xi)htl\{» wribrtiia. l.a.Pf lateral ami-plates ; d.a.p, dorsal ann-plates ; 
a, aiubulacral plate ; «, spines. 

Another character by which the recent Asteroids and Ophiuroids 
di£fer is the alternation of the ambulacral ossicles in the former, 
whereas in the latter the pairs are opposite. The Palaeozoic 
genera, however, also bridge this gap, as 
in the order Lysophiurae the ambulacral 
ossicles are alternate as in the Asteroids. 
This is shown in the arm structure of 
Palaeophiura. 

While Pfotaster and its aUies on the 
one hand approximate to the Asteroids, 
another group of Ophiuroids has arms which 
appear more like those of Crinoids. In 
Ophiura the arms are fairly straight and 
only capable of a limited movement in a 
horizontal plane, for the vertebral ossicles 
are " zygospondyline,'' i.e. are attached to 
one another by a series of knobs, closely 
fitting into sockets (e.g. Fig. XV.) In the gr©up of the Strepto- 
phiurae much more play of the arms is possible, as the ossicles are 
" streptospondyline," i.e. articulate by simple ball-and-socket joints. 




Fio. XXVIII. 

The external arm-plates of a 
segment of Aiti-oschema (after 
Lyman), u.o, ventral arm- 
plates; v.a.j>, lateral arm-plates; 
the remaining six plates re- 
present the dorsal arm-plates. 
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without lateral pite and processes (Fig. XIV.) ; while in the Clado- 
phiurae the ossicles articulate by hour-glass shaped surfaces (Fig. 
XXIX.), and the four external shields are replaced by a soft, 
granular integument ; in this group the arms are therefore capable 
of movement in any direction, the arms frequently being able to 
coil round any support, as in AstroscJiema, A further change is 





Viu. XXIX. 
Articular 8urfae»*s of vei-tebral OHMicles of ji^tiomhrn 



r. m. 



introduced by the bmnching of the arms; this occurs in two 
groups of the Cladophiurae, viz. in the Trichasteridae, in which 
the arms branch a few times at their free ends, and in the Gorgono- 
cepbalidae, in which the arms branch repeatedly (Fig. XXXII.). 

The Oral Skeleton of most Ophiuroids is on the same i)lan as 
that of Ophmra; the details however diifer considerably. The 
nature of the parts is shown very clearly in some Palaeozoic 
genera, such as Sturizura, The apparatus here consists of a 
syngnath, apparently composed of the plates of only a single arm 
segment; one of the plates of the central 
vertebral pair is elongated to a bar, and forms 
the mouth-frame, which is therefore clearly 
ambulacral. The jaw plate attached to this 
mouth-frame is the adambulacral plate of the 
same segment, while the teeth upon this are 
homologous with spines. 

In many recent Ophiuroids there is an 
element in the armature in addition to those 
of Ophiura ; this is the set of " dental papillae " 
which are situated at the oral ends of the jaws 
and project toward the mouth above the 
teeth. 

In Ophiura and its allies there are no 
Pedicellariae, but a very primitive type of 
them occurs in the Cladophiurae, as in Tri- 
chaster (Fig. XXX.). 

Turning to the internal anatomy we find the 
most important changes in connection with the Water-vascular 
System. In many genera of the Cladophiurae there is more than one 
madeprorite, of which there may be one in each interradius. In 




Fio. XXX. 

Pedicellaria of Tn- 
ckatUr eUgans. h^ hook ; 
s, stem ; o.m, r.nif occliisor 
Mid retnetor muscles. 
(Afler Ludwig.) 
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TnAaaUir the stone-canals are thus repeated, but there is only one 
madreporite. A repetition of the stone-canals also occurs in 
O^phiaMiy in which the value of this character is apparent, for the 
animal reproduces by fission; in the same genus there are also 
several Polian vesicles in each interbrachial space. In development 
the water-pore of recent Ophiuroids originally opens on the dorsal 
surface (Bury, 6, pp. 422, 423, pi. xxxvii. f. 2^ and then works round 
to the ventral side, where it becomes attached to an oral plate. 

The Alimentary System remains very simple in all the Ophiuroids, 
consisting simply of a large chamber, divided into a series of short, 
blunt, sac-like protuberances by radial constrictions of the walls. 

Respiration in the Ophiuroids is generally effected by the 
genital bursae and the podia ; but when the bursae are absenti 
their place may be taken by an extra series of Polian vesicles, as 
in Ophiadis ; or the general body-cavity may be used both for the 
protection of the ova and for respiration, as in Gargonocephalus. 

Reproduction. — ^The genital bursae in some Ophiuroids also act 
as brood chambers; the eggs pass through all stages of development 
in them, and such Ophiuroids are therefore viviparous ; Amphiwra 
squamata and Ophiomyxa vivipara are examples of this condition. 
Asexual reproduction occasionally occurs in Ophiuroids either 
normally by fission, as in Ophiadis, or abnormally by regeneration 
of lost parts when the disc of an Ophiuroid is cut into halves. 
Broken arms are readily replaced, but a broken arm cannot 
reproduce a complete animal as can be done in the Asteroids 
(Semon and Ludwig). 

The Development of the Ophiuroids agrees in the early stages 
with that of the Asteroids, but the larval form is a PhUeus (p. 6) 
and not a Bipinnaria (p. 5). It, therefore, in this stage offers a 
greater resemblance to the larvae of the Echinoids than of the 
Asteroids. There is no doubt, however, that this larval form is 
a secondary development and does not represent any stage in 
phylogeny of the group; it therefore doiss not indicate any 
affinity with the Echinoids. 

Distribution. — The Ophiuroids range from shallow and estuarine 
waters to abyssal depths. Their distribution in space is wide, 
species such as Ophioden sericeum occurring at SO"" N. latitude ; but 
the largest forms are tropical. The order was first represented by 
species of Protaster from Ordovician rocks. Representatives of the 
Lysophiurae and Streptophiurae occur in the Silurian, Devonian, 
and Carboniferous strata ; Zygophiurae begin in the Trias ; and 
Cladophiurae in the Jurassic. 

On the characters discussed in the preceding pages may be based the 
following DiafnoaiB of the 8ab-01a«i : ^ — ^The Ophiuroidea are " eleuther- 
osoici" "actinogonidial," and *' lysactinic," Echinoderms which usually 

^ Imtnded firom Bell (4), p. 215. The terms are explained aniea, p. 287. 
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have no ambulacral groove. The arma are generally aharplj marked off 
from the disc, are generally five in number, and are sometimes elaborately 
branched. The digestive system, which is aproctous, and the generative 
system are both confined to the disc ; so also is the special respiratory 
apparatus which takes the form of deep clefts. 

This diagnosis at once indicates that the Ophiuroids are more nearly 
allied to the Asteroids than to other Echinoderms, for both dassea are 
actinogonidial, eleatherozoic, and lysactinic. Moreover, neither of the 
main characten which separate the two classes hold in all cases ; for in 
Ophdotereiii and Protaster there is a ventral groove, and in some species of 
Aitroicktma the arms pass gradually into the disc Similarly the 
Asteroids of the family Aistropectinidae have no anus ; and the Ophiuroids, 
ChrgonoeepJuUui and Opkiadis^ have no genital bursae. 

Obdbb 1. Lysophinrae, Gregory (1897). 

Ophiuroidea in which the ambulacral ossicles are alternate, and are 
not imited into vertebral ossicles, but those of each segment are separate. 
There are no ventral arm- plates, and the ventral side of the arm is 
occupied by an ambulacral furrow. 

This order includes a group of fossil Ophiuroids, in which the arm 
structure is asteroid in plan, for there are no ventral arm-plates ; there is 
an ambulacral groove ; and the ambulacral plates are in alternate pairs. 
The members of the order differ from the Asteroids by having the arms 
sharply marked off from the disc, and the alimentary canal was doubtless 
confined entirely to the disc. 

Familt 1. Protasteridae. Lysophiurae with boot-shaped ambulacral 
ossicles, each composed of a " body ** in the median line of the arm, and a 
lateral "wing" at right angles to it Genera — ProUuttr, Forbes, and 
BundenJbackiaf Stiirtz. There is a well-marked scale -covered disc and 
five flexible arms. The axial portion or "body'' of each ambulacral 
ossicle is markeci off into two parts by a depression which probably served 
for the attachment of powerful ventral muscles. Stout adambulacral 
plates occur in all the members of the family, and support lateral spines. 

Fahilt 2. Palaeophiuridae. Lysophiurae in which the ambulacral 
ossicles consist of a bar -shaped or subquadrate "body" without wings. 
Genera — Sturtzwra^ Greg. ; Eugatter, Hall ; PtUonaster, Hall ; Tomwra, 
Greg. ; all Silurian ; and the Devonian Palaeophiura, Stiirtz. This family 
is characterised by its alternate rod-shaped ambulacral ossicles, shown in 
Pcdaeophiura lymanif Stiirtz. 

Order 2. Streptophinrae, Bell (1892). 

Ophiuroidea in which the ambulacral ossicles are opposite, and generally 
united to form vertebral ossicles. In such cases the vertebral ossicles 
articulate with one another by means of a mora or less simple ball-and- 
socket joint The covering plates ara mora or less regularly developed as 
superior, inferior, and two lateral, the last of which bear spines. 
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The diagnosis of this order is necessarily vaguei as it includes 
a series of simple forms, among which there are great divergences in 
slracture. One living genus included in this order has no ventral 
arm-plat-'s, but a small ambulacral furrow, and thus agrees with the 
Palaeozoic genera, for which Stiirtz in 1886 proposed the family Ophio- 
encrin&steriae. The main character of the order is the simple articulation 
of the arm ossicles. The ambulacral plates are always opposite instead of 
being alternate, as in the Lysophiurae. In some of the most primitive 
genera the two ambulacral ossicles in an arm segment are separate, as in 
Oj^iykfVM^ or incompletely joined, as in O^ioKduM. In the Lapworth- 
uridae they are firmly united, and in the recent genera O^wm^ou and 
its allies they are specialised into definite ambulacral ossicles, with a 
simple ball-and-socket articulation. 

Familt 1. Ophiurinidab. Streptophiurae without ventral arm-plates 
and with separate ambulacral ossicles. Qenera — O^iurirya^ Stiirtz, 
Devonian. Tremotcuter, Worthen h Miller. 

Family 2. Lapworthuridae. Strepto- 
phiurae without ventral ann-plates or buccal 
shields. Ambulacral ossicles fused, but their 
articulating surfaces are plain. Genera — Lop- 
vaoffihwrfiy Qreg., Silurian, W. of England ; Fur- 
ecuter, Stiirtz; PaUutropictenf Stiirtz. The oral 
armament is typically Ophiuroid. The struc- 
ture in the genus Furccuter is shown in Fig. 
XXXL ; mouth-frames, small jaws, jaw plate, 
and teeth are all present /X/ \S\fn,/, 

Family 3. Eoluididae. Streptophiurae ^^ ^ \\\ ' ' 

with ambulacral ossifies united to form verte- 
bral ossicles. Ventral arm -plates present, 
but there are neither buccal shields nor 
dorsal arm-plates. Genera — Eoluidia^ Stiirtz ; 
Eospimdylui, Greg. ; Mioipondylui, Greg. ; 
Aganaattr^ Miller & Gurley (syn. Ophiopege^ 
Bohm) ; CkoUuter, Worthen & Miller. 

Family 4. Onyghasteridab. Strepto- 
phiurae with well-developed vertebral ossicles, 
and very flexible, unbranched arms. There 
are no external arm -plates, the integument only containing granules. 
Genus — Onychatter, Carboniferous, Illinois, has previously been included 
among the Euryalid group, but its ambulacral ossicles (as shown by Meek 
and Worthen's later figures, GeoL Surv. lUinoiBf voL v., 1873, pL xvL 
fig. 3d) are Streptospondyline, 

Family 6. Eugladiidae. Streptophiurae with contorted branching 
arm& Five pairs of large plates round the centre of the side exposed in 
the fossil have been regarded either as jaws or as radial shielda Madre- 
porite on same side as the plates. Arms have no external arm-plates but 
a granular integument The type-species, Evdadia Johnaoni, was care- 
fully figured and described by H. Woodward in 1869. Owing to its 
flexible, branched arms, and soft integument, it has generally been 




Fio. XXXI. 

Fnreaaier palaeotoieust Stiirti, 
•howliig skeletal elements of the 
arms and oral armament, ad, 
adambulaeral ossicles bearing 
spines ; am, ambulacral ossicles ; 
J* Ji^w ; jf.p Jaw plate ; m^, month- 
firame ; I, teeth. (After Btttrts.) 
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regarded as an ally of EurycUey but some authors have urgod its removal 
to the Asteroidea, ascribing a dorsal position to the madreporite. It is 
no doubt in external apx)earance more like the Cladophiurae than the 
Streptophiurae, but the external resemblance to Euryale is probably due 
to homoplastic modifications. 

Fahilt 6. The living Streptophiurab. No attempt has yet been 
made to arrange the living Streptophiurae into families, and this cannot be 
done with advantage without further knowledge about several point& Some 
of the most remarkable genera are known only by single specimens, 
which are very small and probably immature. C^u^us and Ophiotholia 
present a certain resemblance to the Lysophiurae in the structure of the 
ambulacral ossiclea Ophiogerouy with its long, rod-shaped, ambulacra! 
ossicles lyiug in opposite pairs, is much like Ophiurimi, but the evidence 
available at present is insufficient to justify its inclusion in the Ophiuri- 
nidae. Hence it is advisable at present to leave the living Streptophiurae 
arranged according to BelFs scheme (3). When the classification is 
attempted, probably Ophioteresis will form one family, and OphioKiatma 
another ; HemieuryaUy SigsheUty Ophiochondrus, and Ophiomyces may con- 
stitute a third. 

A. No under arm-plates — OphiotcresiSy Bell. 

B. Under arm-plates imperfect — Ophioscioffmay Lym. 

C. Under arm-plates moderate or well developed. 

a. No upper arm-plates — I. No radial shield — Neoplax; OphtoheltUf 
Lym.; Ophiotholia, Lym. (?). II. Radial shields present — 
dphioscoUxy Mlill. & Trosch. ; OphiambiXy Lym. ; Ophiogerony 
Lym..; Ophiohyrsay Lym. ; Ophiomyoca (pars), Mtill. & Trosch. 

P, Upper arm-plates minute or formed of scattered plates — Ophio- 
myxa (pars), Miill. & Trosch.; OphiomyceSy Lym.; Ophiochondrui^ 
Lym. ; HemieuryaUy Martens ; SigshetOy Lym. 



Order 3. Cladophiurae, Bell (1892). 

Ophiuroidea in which the vertebral ossicles articulate with one another 
by means of hour-glass-shaped surfaces (Fig. XXXIIL), and are covered 
by granular deposits in the thick integument The arms may be simple 
or branched repeatedly. 

Family 1. Astrontcidae. Cladophiurae with simple unbranched 
arms. Group 1. With large disc — AstrotomOy Lym.; Astromyzy KiiXh 
& Trosch. ; AstrocheUy Verr. Group 2. Disc of medium size — AstrogomphuSy 
Lym. ; Astroporpa, Oersted & Liltken. Group 3. Disc small — Ophiocreas, 
Lym. ; Aatroschema, Oerst. & Ltitk. ; AstroceraSy Lym. Family 2. 
Trichasteridae. Cladophiurae with arms brauching a few times near 
their free ends. Genera, recent — Trichastery L. Ag. ; Astrocloiiy Lym. ; 
Astrocnida, Lym. Fossil — Astrocniday Lym. Family 3. Gorqonocepha- 
LIDAE. Cladophiurae with arms branching much and from their base. 
EuryaUy Lam. ; GorgonocephaluBy Lym. ; Astrophytoriy Ag. (Fig. XXXII.) 
Ophiocrene, Bell. 
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Order 4. Zygophinrae, Bell (1892). 

OpHuroidea in which the movement of the ossicles on one another is 
limited by the development of lateral processes and pits. Superior, 
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Fia. XXXII. 
Astrophyion Lincki. Abftctinal surCftce. (From Wyv. Thonuon.) 



The 



inferior, and lateral spine-bearing arm-plates are always present 
arms are simple and cannot coil round straight rods. 

Family 1. Ophiodermatidae. Zygophiurae with oral papillae 
numerous, and none infra-dental. Arm incisures on the disc Dental 
papillae absent. GenerA^—Opkioderma, Miill. & Trosch. ; Ophiopeza, Peters ; 
O^iarachia, Miill. & Trosch.; OjMocoeta, Liitk.; Ophiocojiu^ Liitk.; OpKio- 
2ylax, Lym. ; Ophiofjona^ Stud. ; (?) Ophiopyrgus^ Lym. ; OpMopyrefi, Lym. 
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Family 2. Ophiolepididae. Zygopbiurae with oral papillae from 
three to six, of which the laat may be infra-dental. Arm incisures on the 
disc Dental papillae absent. Qenera — OphioUpis, MiilL & Trosch. ; 
OpKiodefij Liitk. ; Ophiura^ L. Ag. ; Ophioglypha, Lym. ; Ophioceramis, 
Lym. ; (?) Opkiochitonj Lym. ; Ophiopaepale, Lym. ; Ophiozma, Lym. ; 
OphiopUnUiw, Dan. ; Ophiemiia, Lym. ; Amphiglypha, Pohl. ; Gtocoma, 
d'Orb. 

Familt 3. Amphiuridae. Zygophiurae with oral ]f>apillae from one 
to tv^^ of which the last is generally infra^ental. Arms inserted on 
ventral side of disc Dental papillae absent Qenera — Amphiuray Forbes; 
Oj^iocnidoy Lym. ; Ophiamtuiumy Ljm. ; OphiopeUis, Daniels. & Kor. ; 
Opkiocentrus, Ljung. ; Amphilepis, Ljung. ; Ophidepis, Lym. ; Ophiomartus, 




Fio. XXXIIl. 
Abactinal view of HemipholU cordi/era, Lyin. e, central plate ; r, plates of radial circlet. 

Lym. ; 0]^iophyUum, Lym. ; Ophtotrochui, Lym. ; Hemipholia, Lym. (Fig. 
XXXIIl.) ; OpfiiactUy Liitk. ; OphiopuSy Ljung. ; Ophiopholisy Lutk. (Fig. 
XIII.); Ophiacaniha^ Milll. & Trosch. ; GphiotremOy Koehl. ; Pectinuray Heller 
(rum Forbes) ; OpfiioplocuSy Lym. ; Ophionereisy Liitk. ; Ampliipholisy Ljung. ; 
OphiophragonuSy Lym. ; OphiostigmOy Liitk. ; Ophioblennay Liitk. ; Ophio- 
cyinbium, Lym. ; Ophwchytra^ Lym. ; OphiolebeSy Lym. ; Ophiomitray Lym. ; 
OphiocamaXy Lym. ; OphiothamnuSy Lym. ; Acr<niray Ag. ; Aspidura, Ag. ; 
Hemiglyphay Pohl. ; Polypholisy Dune. 

Familt 4. Ophiocomidae. Zygophiurae with both oral and dental 
papillae. Genera — Ophiocomay L. Ag. ; Opkicmastixy Miill. & Trosch. ; 
Ophiarlhrumy Pet ; Ophiopsiloy Forbes ; OphiopterUy K A. Smith. 

Family 6. Opbiothricidae. Zygophiurae with dental papillae, but 
no oral papillae. Genera — Ophiothrixy Midi. & Trosch. ; OphiocnemiSy MiilL 
& Trosch. ; OphiogymnOy Ljung. ; OphionemOy Liitk. ; OphionephtkySy Liitk. ; 
OphiomazOy Lym. ; OphiothelOy Verr. ; Ophvoptamntiumy Lym. ; OphiopteroUy 
Ludw. ; (?) OphxureUoy Ag. 
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CHAPTER XV. 

THE ECHINOIDKA.^ 

CLASS III. ECHINOIDEA. 

Sub-Class 1. Reoularia Endobranchiata. 
Order 1. Botliriocidaroida. 
„ 2. CyBtocidaroida. 
„ 3. Cidaroida. 
„ 4. Melonitoida. 
„ 5. Plesiocidaroida. 

Sub-Class 2. Regularia Ectobranchiata. 
Order 1. Diademoida. 
Sub-Order 1. Calycina. 
„ 2. Arbacina. 
„ 3. Diademina. 
,) 4. Echinina. 

Sub-Class 3. Irregularia. 

Order 1. Onathostomata. 
Sub-Order 1. Holectypina. 
„ 2. Clypeastrina. 
Order 2. Atelostomata. 
Sub-Order 1. Astemata. 
„ 2. Stemata. 

Knowledge of the Echinoidea or Sea Urchins is more complete 
than that of any other of the classes of Echinoderma. The 
class is widely distributed at the present day, members of it 
living in seas of all parts of the world and at all depths. It is of 
great antiquity, and fossil Echinoids occur abundantly in rocks of 
all periods since the Devonian, while a few are known from that 
system and from the Silurian. Moreover, as the classification of 
the Echinoids depends either upon the skeleton, or upon structures, 
the characters of which can be inferred from those of the skeleton, 
the systematic position of a fossil can generally be determined with 
as much accuracy as that of a recent specimen. 

^ By J. W. Gregory, D.Sc. M& closed ftt end of 1896. 
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The very varied habits of the Echinoids further increase the 
value of this class. Some sea-urchins burrow into sand, and others 
bore into rocks. Some seek the shelter of rock-pools or the quiet 
of a muddy sea-floor below the limit of tidal action. Others 
cling to rocks between tide-lines, choosing the positions that are 
most exposed to the buffeting of a tropical surf; others again 
crawl over, or lie half -buried in, the ooze of abyssal oceanic 
depths. Some feed on algae; others swallow mud and live 
on the organic matter it contains. Of some the young develop 
directly, of others indirectly, the latter undergoing a metamor- 
phosis during development. The modifications in structure by 
which Echinoids are able to adapt themselves to these different 
habits are so well marked, that the conditions under which fossil 
sea-urchins lived can generally be determined. Hence the group is 
of great value to the geologist. Such rich series of Echinoid faunas 
are known, that the life-history of the class can be written with 
greater completeness than that of any other group of Echinoderms, 
and as completely as that of any class in the animal kingdom. 

Little, however, is certainly known as to the relations of the 
Echinoidea to other Echinoderms. The group is so compact and 
well marked, that the distinction between it and the other classes 
was known to Aristotle, and has never been in doubt. Moreover, 
the class has been as well defined as it now is since Silurian times. 
The recognition of the sea-urchins as a distinct group of Echino- 
deims is, therefore, as old as zoology. A sketch of the history of 
work upon the Echinoids need only consider the determination of 
the main points in their anatomy, life-history, and classification. 

The earliest account of the natural history of the sea-urchins 
is in Aristotle's Hidory of Animals, wherein the common edible 
species of the Mediterranean {Ediinus esadentus) is described 
with considerable accuracy. Aristotle called this animal Echinus 
(Exti'os), the Greek for hedgehog, a term subsequently given to the 
best known genus, and used as the root of the name for the class. 
In the same book three other types of sea-urchins are mentioned, 
viz. BrissuSf SpatanguSy and Echinometra; and these names are 
still used in Echinoid nomenclature. Aristotle's account shows 
that he had studied both the habits and anatomy of the animals ; 
thus he knew that Echinus could walk upon the tip of its spines, 
had five teeth, five unpaired ovaries, a pharynx, and stomach. In 
mediaeval times Echinoids were described by Kondelet (1554) and 
Aldrovandus (1606 and 1648); but it was not till the beginning 
of the eighteenth century that any observations of scientific value 
were published. The first important post-classical contributions 
to the subject were the works of Breynius (1732) and Klein 
(1734). The former in his De Echinis et Eckinitis, and the 
latter in his Naturaiis Disposiiio EchinodemuUum^ figured and 
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described many genera and species of Echinoids; bat, as their 
names were not binominal, they are not accepted. Gualtieri in 
1742, and Seba in 1758, used the names and methods of their 
predecessors, and described additional species. In the latter year 
Linnaeus adopted the binominal system of nomenclature in the 
tenth edition of his Systerna Naturae^ but in other respects his 
treatment of the Echinoids was retrograde. He accepted sixteen 
species ; but although among these there were such different types 
as Echinus escukrUuSy Cidaris, Echiiwmetra, ColobocentrotuSy Arachnoides, 
ClypeasteTj etc., he included them all within a single genus. He 
thus threw back the study of Echinoids for twenty years. It was 
not till 1778 that Leske (48) reintroduced the sound system of 
work adopted by Breynius and Klein, which had been discarded by 
Linnaeus. Leske's edition of Klein, with his own " Additamenta," 
therefore forms the real starting-point of systematic Echinology. 
No important advance from this was made until the publication 
of Lamarck's Histaire Naturelle des Animaax sans Fetikbres in 1816. 

From this date progress was rapid ;^ the principal contribu- 
tions being made by Gray (1825), de Blainville (1830), Desmoulins 
(1837), L. Agassiz (1836, 1840, 1841, 1842), and Desor (1842). 
In 1846 and 1847 the last two authors published a complete 
synopsis of knowledge up to that date in their Catalogue EaisonnS 
des Echinides, Since then the literature of the Echinoidea has 
been voluminous. The existing species have been described by 
Liitken, Diiben and Koren, Lov^n, Leuckart, Peters, Grube, 
Doderlein, Thomson, Bell, and especially by A. Agassiz. Our 
knowledge of Palaeozoic Echinoids is mainly due to M*Coy, C. P. 
Romer, J. Miiller, Desor, Meek, Worthen, Hall, Neumayr, Duncan, 
Keeping, and Jackson ; of the Mesozoic faunas to d'Orbigny, 
Cotteau, Wright, de Loriol le Fort, Clark, Schultze, Lambert, 
Gras, Forbes, S. P. Woodward, etc. ; of the Cainozoic to Dames, 
Laube, Cotteau, de Loriol, Forbes, Bittner, Gauthier, Peron, 
Pomel, Duncan, Sladen, Hutton, Sismonda, Michelin, Grateloup. 

Dujardin and Hup^ (21) in 1862 attempted a synopsis of 
the whole of the Echinoidea. Desor's Sijnopsis des Echinides 
FossUes (1854-58) is the last reliable summary of the fossil species, 
as is Agassiz's Revision of the Echini of the recent. Revisions of the 
genera were arranged by Pomel in 1883 and Duncan in 1890 (24). 

The morphology of the Echinoidea was first seriously studied by 
L. Agassiz and Valentin, whose account in 1842 (5) of the skeleton 
and visceral anatomy was based mainly on Strongylocentrotus lividnSj 
Lam. sp. The circulation had been previously described by Tiede- 
mann (1815) and Delle Chiaje (1825), and the nerves by Krohn 

^ Reference to part of the literature is given on pp. 328-332 ; a bibliograpliy up to 
1872 is given by A. Agassiz (1), pp. 1-9. Some of the general works are included in 
the lists for Stelleroidea (p. 279) and for Echinodernia generally (p. 35). 
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(1841). The next important advance was made by the memoirs of 
Joh. Miiller (1850-57) who gave a fall account of Cidaris. Among 
later general contributions to anatomy may be mentioned those of 
Teuscher (1876), Koehler (1883), Prouho (1887), PrM^ricq (1876), 
Perrier (1869 and 1875), Hamann (1889), and the last part 
of A. Agassiz's lUvision, Special types have been described in 
separate memoirs, such as Cidaris and its internal branchiae, by 
Stewart (1880); Spaiangus, by Hoffmann (1871); Aslhmosoma^ 
by P. and F. Sarasin (1888); Fkormosoma, by Bell (1889); 
Daroddaris, by Prouho (1888) ; Pomialesia, by Lov6n (1883). 

Knowledge of the anatomy of the skeleton is due to many 
students, but especially to the masterly series of memoirs by 
LoY^n. The structure of the spines has been described and their 
tazonomic value shown by Mackintosh (63) and A. Agassiz (1, 2) ; 
the fascioles were first used in classification by Lutken. The pedi- 
cellariae were first described by O. F. Miiller, who regarded them 
as parasites, a view disproved by Delle Chiaje ; L. Agassiz con- 
sidered them to be young Echini, which was shown to be erroneous 
by Valentin's detailed figures. An attempt to use pedicellariae as 
a basis for classification was made by Perrier (1869-70); their 
function has been the subject of a long controversy. 

The study of the embryology of Echinoidea was begun by Derb^s 
in 1847, and by Miiller in a series of memoirs (1848-55); it was 
continued by Krohn (1849-57), A. Agassiz (1864), Metschnikoff 
(1868-69), Bury (1889 and 1895), Th^el (1892), MacBride 
(1896), and others. 

The term Echinoidea, now used as the name of the class, was 
applied by Aristotle to animals that resembled Echinus^ which has 
always been regarded as the most representative genus. Though 
in some ways rather complex, it may be conveniently studied as 
\ Typieal Sea-Urdiin, since specimens can be easily obtained. 

The Skeleton. If we examine a specimen of the common 
British species Echinus escuUrUtbS, we first notice that it is 
covered all over by short, bluntly pointed spines, which are 
coloured violet at the tips. If we pull off the longest spines, 
we find between them a number of smaller " secondary " spines 
(compare Fig. XXXIII.). After removal of all the spines, the 
general character of the main shell can be seen. It is com- 
posed of closely fitting plates, which together form the rigid 
^Hest" or shell. The shape is rounded in transverse section; 
the surface on which the mouth opens is flattened, while the 
upper half of the test may be either well rounded or sub-conical. 

On the centre of the lower flattened surface there is a large 
flexible membranous area covered with loose plates which bear 
short spines. This is the " peristome '' ; the mouth opens in the 
centre of this space; its exact position can be determined by 
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the presence of five sharp teeth, which, if not extruded so as to be 
seen, can at once be felt. At the other end of the axis of the 

body there is a smaller membranous 
area, the " periproct,'' in the centre 
of which is the anus. The periproct 
is surrounded by a circle of five plates 
(Fig. I.), one of which is larger than 
the rest; this large plate bears a 
small perforated prominence, called 
the " madreporiform tubercle " or 
" madreporite " (m). Through the 
pores in this plate water passes to 
the series of canals known as the 
water-vascular system. Each of the 
other four plates of this apical circle 
is perforated by one of the pores 
through which the genital products 
escape to the exterior. These five plates are therefore known as 
the *' genitals '' (^). Alternating with them are five smaller plates 
{p\ each perforated by a pore, through which passes a process 
ending in a senefory eye-spot. These plates are therefore called 
the ** oculars.'' The whole ten plates form a group known as the 
** apical system.'' Between the apical system and the peristome is 
the main test. Ten lines of suckers may be seen in a fresh 
specimen, radiating from the five ocular plates; two lines start 
from each ocular, and pass in a straight series round the test to 
the edge of the peristome. As the two series of suckers are 
arranged like the rows of trees in an avenue, the area bounded by 
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plates covering the periproct, in the 
centre of which opens the anus. 



Fio. II. 

Ambulacral (1) aud interam- 
bulacial (2) plates of Echinus 
etculerUus. ti, <> are the primary 
and secondarv tuberclefl; g, 
miliary granules; p, primary 
ambulacral plate ; d, epfpudium 
with a pore pair; 2>, boss; m, 
mamelon. 
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them has been called an ambulacrum,^ As there is one ambula- 
crum to each ocular, there are five in the complete test, separated 
by five broader inleramhuiacra. 

Each ambulacrum and interambulacrum consists of a double 
row of plates in vertical series running from the apical system to 
the peristome. Each interambulacral plate (Fig. II. 2) is irregu- 
larly pentagonal in form ; the angles are sharp and regular, but 
the plate is elongated in a horizontal direction. Each plate bears 
a number of " tubercles," of which there are three sizes — primary 

1 From ambtilacrum, an avenue or a walk between trees. 
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{i^\ secondary (f)^ and miliary (g). The primary tubercles are 
the largest, and bear the primary spines ; each tubercle consists 
of a rounded base or " boss '' (6), on the centre of which is a small 
pimple or ^^mamelon" (m). Around the base of each primary 
tubercle is a smooth, level surface called the *' scrobicule/' which is 
generally surrounded by a circle of granules called the *'scro- 
bicular circle." Scattered irregularly over the plates are the 
smaller secondary tubercles which bear the secondary spines, and 
between these are large numbers of smaller elevations known as 
" miliary granules " (^). 

The function of these tubercles and granules is the support of 





Diagram of geinmiform pedioellaiia of 
•Ec^intu ocKttw (after Hamann). a.m, ad- 
ductor muscles ; e.m, extensor muscles ; 
/.m, flexor muscles ; gl^ gland ; pt.e, 
glandular epithelium ; «.o, stem ossicle. 



Fio. III. 

Appendages of EcMmu. Transverse 
section of spine (magnifiedX 

the appendages known as *^ spines" 
and " pedicellariae." The Spines, 
like the tubercles, are of three 
sizes — primary, secondary, and 
tertiary — the structure of eaqh of 
which is fundamentally the same. 
Each consists of a long shaft, 
marked by longitudinal flutings ; the bas^of the spine is hollowed 
into a cup or condyle, which fits over the mamelon of the tubercle. 
Around the condyle is the collar of the spine which projects above 
the level of the shaft, and serves for the attachment of the muscles 
which fix it to the test. A transverse section of the spine (Fig. 
III.) shows that it is made up of a number of solid wedges, radiating 
from a central axis, and separated by bands of porous tissue.^ The 
smallest spines consist only of tiny needles of porous tissue, and 
agree in structure with the spines of the second type of appendage. 
The j>ediceUariae (Fig. lY.) consist of two or three beak-like 

^ The spine is therefore, according to the terminology of Mackintosh (63), poly- 
cylic and acanthosphenotet. 
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valves attached to the end of a flexible stem. The valves open 
and shut like a bird's beak, or like the avicularia of Bryozoa. 
They have been seen to seize particles of the excreta of the urchin 
and pass them on from one pedicellaria to another, until they fall 
over the margin of the test. Their main function, however, appears 
to be defensive. When a starfish attacks a sea-urchin, the latter 
bends down its spines and thus exposes its pedicellariae ; these 
seize hold of the tube-feet of the starfish, which their bites appear 
to hurt. The pedicellariae, however, are always torn away, as they 
cannot relax their hold ; and thus, if an urchin is attacked by 
a series of starfish, it is in time rendered defenceless (Prouho, 70). 

The sphcLeiidia are also modified spines ; they are globular in 
form, and lie in pits around the peristome (Fig. V.). 

The ambulacral plates (Fig. II. 1) are ornamented by tubercles 
and granules like those of the interambulacral plates, though 

smaller; but the plates differ 
in structure. The interam- 
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bulacrals are solid, whereas 
the ambulacral plates are 
pierced by small holes, 
through which pass the 
^ suckers or podia of the am- 

Tiunsverse section through peristoinial plates of ]^^^^^f" ^h® porCS OCCUr 
Clyimuter showing a globular ■phaeridiuin in its pit. in pairS, and Cach pair IS 

(After Loven.) surroundcd by a raised 

ring forming an epipodium. There is one epipodium to each 
primary ambulacral plate ; but, except at the summit of the am- 
bulacrum, the primary plates are united into compound plates, 
each of which has as many epipodia as there are primary plates 
in it. In one of the plates in the middle of the ambulacral series 
there are three pairs of pores, which occur in a curved series or 
arc. This arrangement of the pairs is due to the crowding of the 
plates during growth ; owing to the same cause, the elementary 
ambulacral plates no longer always extend right across the half 
of the ambulacrum to which they belong, but are cut off from 
the median suture by the union of adjoining plates behind them. 
Plates thus cut off from the central suture line are known as 
" demi-plates." In an ordinary Echinus esculentvs each compound 
ambulacral plate (Fig. XII. 4) consists of one central demi-plate 
(d) between two primary plates (p). 

The principal remaining elements in the skeleton are those of 
the five jaws, and of the internal processes, to which the muscles 
that work the jaws are attached. The Dental Apparatus (Fig. VI.) 
is a conical structure which is placed apex downwards over 
the mouth. The axis is hollow and contains the pharynx or 
commencement of the oesophagus. The dental apparatus consists 
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of twenty pieces. The largest of these are the five pyramids (Fig. 
VI. 'p) ; they are shaped like the sectors of a cone, being pointed 
at one end, having two flat sides, and with a curved outer margin. 
The flat sides are marked by transverse ridges, which serve for the 
attachment of the muscles that bind the pyramids to one another. 
The pyramids are hollow, and in each of them lies a long, curved, 
keeled tooth, the hard point of which projects through a hole 
at the pointed lower 
end of the pyramid. 
Above the suture be- 
tween a pair of pyra- 
mids rests a short, thick 
bar known as the brace; 
above the brace (6) is 
a curved bifid process 
or " compass " (cp). 

Bound the inside of 
the peristome is a hard 
raised rim (Fig. VII. 
|?.r) which rises into an 
arch over each of the 
ambulacra. This is the 
" perignathic girdle," 
and to it are attached 
the muscles which work 
the masticatory appara- 
tus; one set of muscles 
attached to the pyramid 
pulls the jaws apart; 
other sets, attached to the braces and compasses, pull them down- 
ward and drive the teeth together. 

The remaining skeletal structures are small and unimportant, 
and consist only of scattered calcareous plates and spicules which 
are distributed through the tissues. The principal of these are 
the " rosettes " or " pellions " (rings of plates which support the 
suckers), and spicules in the stems of the podia. 

The internal anatomy of the Echinus may be most conveniently 
studied by the removal of the upper half of the test. The five 
ovaries will then be seen lying in the upper parts of the inter- 
radia, and the great coiled intestine occupying most of the 
interior. The main features in the internal anatomy are shown 
in Fig. VII. 

Tlie Alimentary Canal begins with a mouth (rn£) situated at 
the centre of the peristomial membrane (p^/) ; from the mouth the 
muscular pharynx (pA) passes upwards through the central tube 
of the masticatory apparatus. The oesophagus (pe) runs horizon- 

19 




Fio. VI. 



Dental apparatus of Ectdnm escjUentua, L. A pyramid 
seen fh>iu the side (1), and ttoni beliiud (2) ; p, pyramid ; 
and e, its epiphysis ; t, tooth ; b, brace ; cp, compass. 
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tally from the upper end of the pharynx to the lobed stomach (s), 
which is twisted in a spiral twice round the body cavity ; it con- 
tracts above to the rectum (r), which opens to the exterior by an 
anus (a), situated in the centre of the apical system. 

The Water-vascular System. Above the top of the dental 
apparatus a vessel may be seen running round the oesophagus. 
This is the circumoesophageal ring of the water-vascular system 
{c,(B,v). From it five radish vessels pass downwards outside the 
masticatory apparatus to the peristomial membrane; there they 
bend upwards, pass beneath the arches of the perignathic girdle 




Pio. VII. 

Diagrammatic vertical section through Echinm, a, anus; amp^ ambulacral plate; op, 
ampulla ; l>, branchiae ; e.ct,v^ circumoesopliageal vessel of water-vascular system ; ((.o, dorsal 
organ ; g, gonad ; m, madreporite ; vU. mouth ; n.r, nerve ring ; as, oesophagus ; p.a, arch of 
perignathic girdle ; pd, podia ; p\ pharynx ; ixie, pediceUaria ; pp, periproct ; p,Tt ridge of 
perignathic girdle ; pst, peristome ; py, pyramids of masticatory apparatus ; «*, rectum ; r.ii.e, 
radial nerve cord; «, stomach; «.«, stone canal; tnh^ sphaeiidia; »p, sitiie; •(, StewartTa 
organ ; ib, tubercle ; v, Folian vesicle on circumoesopnageal vessel. 



(p.a), and one runs up the inside of each ambulacrum. Branches 
from the radial vessels are given off alternately to right and left ; 
one of these branches passes to each pore-pair, below which it opens 
to a pair of pocket^haped vesicles or ampullae (op). From each 
ampulla a small tube passes through both pores ; the two tubes 
unite on the exterior to form the shaft of the tube-foot or 
podion (]pd). 

The water-vascular system round the peristome of an irregular 
Echinoid is shown in Fig. XLIY. The water-vascular ring {w.vs) 
lies above the peristomial membrane, and just above the circumoeeo- 
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phageal nerve ring, which can be seen in the figure, connecting the 
five ambulacral nerve cords iam.Vk). 

The walls of the podia are strengthened by calcareous spicules, 
and expand at the end into a sucker. The function of the tube- 
feet is to help in locomotion. The sucker is pressed against a 
smooth surface; water from the reservoir or ampulla is driven 
into the podion, and the tube-foot is thus rendered tense and rigid. 
The rosette of plates in the sucker is pulled backward, when a 
vacuum is left between the sucker and the surface against which it 
is pressed. Firm attachment is thus secured, and the animal can 
drag itself along (for action, see Fig. XLII.). So powerful are 
these suckers that, by their means, the Echinoids of the genus C(M>o- 
cenirotus (Fig. XXXIY.) can cling to exposed rock surfaces, fully 
exposed to the surf of a coral reef. 

The supply of water to the water- vascular system is introduced 
by a membranous vessel — the stone-canal (s.e) — which rises from 
the circumoesophageal ring, and is attached to the plate of the 
apical system which bears the madreporite (m). As we have seen, 
this plate is perforated by many small pores, through which water 
can pass into the stone-canal. Owing to the small size of the 
pores, the water is filtered as it enters. In Echinus estmlentus the 
stone-canal is membranous, and the name therefore appears inap- 
propriate. The name was first applied to this canal in the genus 
CidariSf in which it is hard and calcareous. The flow of water in 
the interior is regulated by five "Polian vesicles," situated on 
the circumoesophageal ring, and acting as reservoirs. The latest 
account of the function of these vesseiu is given by Uexkiill (82). 

The main points in the distribution of the water-vascular vessel 
can be easily verified ; but the Blood-vascular or haemal System 
is more obscure. The most important structure is an ovoid body 
(Fig. YII. d,o)y situated beside the stone-canal; it is known as 
the " dorsal or axial organ," and by other names (see Chapter YIII. 
pp. 2^ 25). Its canal joins above with the stone-canal ; it is said 
to open to the exterior through the madreporite, but this is denied 
by some authorities (as Hamann). Round the upper end of the 
"canal of the dorsal organ" is a circular canal known as the 
"genital ring," which appears to be connected with a series of 
haemal vessels or lacunae which surround the dorsal organ. In 
this case it must be also connected with a ring round the oesophagus, 
from which five branches pass downward beside the pharynx, and 
then run up along the test below the ambulacra. The " circum- 
oesophageal haemal vessel " is connected with a haemal vessel which 
runs along the inner side of the stomach. 

A third group of canals or vessels consists of a circular sinus 
round the oesophagus, from which five branches run up the ambu- 
lacra between the radial water-vascular vessels and the radial nerve 
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cords. This group of sinuses is known as the " pseudhaemal 
system." 

The function of the haemal and pseudhaemal systems has been 
much debated, and the relations of their various members are still 
uncertain. The dorsal organ is sometimes said to be a kidney, 
as by Hamann (38) and the Sarasins (72). Hartog (39) has 
supported this by claiming that the circulation is outward 
through the madreporite; but Cu^not and Ludwig (62) main- 
tain that the current is inhalent. Leipoldt and Prouho (70) 
point to the absence of any glandular epithelium and of any 
connection between the cavity of the organ and the general body- 
cavity. They therefore deny that the organ is a gland, and regard 
its function as the making of amoeboid cells for the perivisceral 
fluid. It therefore seems most probable that the haemal system 
distributes nutrient material through the body, both in solution 
and by corpuscles (see also Durham, 1 1 of previous list, p. 36). 

A third circumoesophageal ring is that of the Nervous System 
(Fig. VII. n,r\ This is placed below the water- vascular ring. From 
it five radial nerve cords (r.n.c), the ambulacral nerves, pass up the 
inside of the test, between it and the ambulacral water-vascular 
vessel. Branches from the ambulacral nerve cord pass right and left 
to the ampullae, and give off smaller branches which pass through 

the pores to the suckers 
(Fig. VIII.). The branches 
fork, one half running up 
the podion and the other 
expanding over the surface 
of the test as a plexus, 
which controls the move- 
ments of the spines and 
the pedicellariae. A small 
nerve ring (n.sp) surrounds 
the base of each spine. 

The Generative Organs 
are large and simple. They 
consist of five branching 
glands (Fig. VII. g\ which 
lie attached to the inter- 
ambulacral plates in the upper pait of the body-cavity. Each of 
the five organs opens to the exterior by a single tube which passes 
through the pore in a genital plate. The young of Echinus are 
free-swimming plutei, and undergo a metamorphosis during the 
development and resorption of the pluteal skeleton and its append- 
ages (cf. development of Echinocyamus, Chapter VIII. pp. 15-17). 

Respiration is largely effected by the aeration of water in the 
podia ; but in addition to this there is a series of five pairs of small 




Pio. VIII. 

Diagram of innervation of spines in Echinvs, pl^ 
ambulacial plate ; ep, epidermis ; m, muscles of 
spines; n. branch of nerve passing oat through 
pore ; n.pa, branch of nerve to tube foot ; n.Xt branch 



of nerve running across test to n.«p. the spinal 
nerve ; pd, jpodion ; m, base of spine : pi, ambula 
plate with (o) boss of tubercle and (m) mamelon. 
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folded branchiae or gills (Fig. YII. h) lying on the margins of the 
peristomial membrane. These are diverticula from the general 
body-cavity, and pass out by the ten notches in the peristomial 
margin of the test. There are, moreover, five large internal 
vesicles rising from the upper edge of the masticatory apparatus; 
these are known as '* Stewart's organs" (Fig. YII. 5/), and may 
act as internal gills. 

The ordinary Echinus, then, has the following characters : — It 
consists of a skeleton, which is mostly external, and is com- 
posed of numerous closely fitting polygonal plates, bearing spines. 
Within, it has a simple, coiled, alimentary canal, with mouth and 
anus at the opposite poles; it has five generative glands; an 
elaborate series of water-vascular vessels, provided with podia, 
ending in suckers. This water-vascular system, the blood- vascular 
system, and the nervous system each consist essentially of a 
ring round the mouth, from which five branches pass outward, 
one up the inside of each ambulacrum. 

Among the Echinoids the Variatioxui in Structure from this 
simple type are very diverse. Thus the form, instead of being 
globular, may be depressed into a thin, flat sheet, in which the 
wide, low roof has to be supported by pillars, as in Scutdla (Fig. 
XXXV. 4). In some of these thin forms the posterior margin of 
the test is lobed and digitate, as in 
Botula (Fig. IX.) ; in some cases the 
ends of the processes unite, leaving 
perforations or "lunules." In such 
depressed forms, owing to the sharp 
division of the test into upper and 
lower halves, the central podia of 
the former are useless for purposes 
of locomotion, and are specialised 
to serve as branchiae ; thus the am- 
bulacra become modified into petaloid 
and extra - petaloid portions. The 
ejection of the excreta through an 
anus situated in the middle of these 
branchiae would be disadvantageous, 
owing to the consequent pollution of 
the water. Hence, in such forms, the anus has passed backwards, 
and opens in the hinder part of the test. This backward move- 
ment of the anus is usually balanced by the forward movement 
of the mouth, and thus the Echinoid loses its quinqueradiate 
symmetry and becomes bilaterally symmetrical. 

This change affects not only the position of the external 
apertures, but the development of the internal organs. Owing to 
the invasion of the posterior interradius by the anus, the generative 




Fio. IX. 

Botula Avgusti, with posterior "digitt- 
' " and a pair of anterior " lunules.** 
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gonad there aborts ; the gonads thus occur as two lateral pairs, and 
increase the bilateral symmetry of the Echinoid. This is further 
strengthened by changes in the structure of the apical system 
of plates. This system, as in Cidaris or Echinus (Fig. I.), consists 
of a double circle of plates. The inner circle is formed by the 
five genital plates, which are often called the basals. As the 
latter name has been given to them on the ground that they are 
the homologues of the basal plates in Crinoids, the older name of 
genitals is here retained. The outer circle of plates occur in the 
angles between the genitals, and as they bear the *' oculi," they 
are called the oculars ; they have in turn been regarded as homo- 
logous with the radial plates of the Crinoid cup and called "radials," 
while Cu^not, on a different theory of homology, calls them the 
" terminals." As the double circle of plates surrounds the anus, 
this form of apical system is known as " endocyclic." From its 
typical arrangement, as seen in Cidaris, variation takes place in 
two directions. The extreme of one line is seen in Tiareckinus (Fig. 
XVIII.) and Lysechinus, in which the apical system of plates forms 
either half or nearly the whole of the test. In the other direction the 
plates become less important ; in Aspidadiadema (Fig. XXII.) they 
form a single ring of ten plates ; and in Asthenosama (Fig. X.) they 
^ are either reduced to ten rudimentary plates of no 

#«^p functional importance, or are altogether absent. 
^""•^Jl The membrane which lies between the anus 

fl"^--^ f^ and the genital plates is generally covered by num- 
^0^^ erous small plates, known as the "anal plates.'' 
Fio. X. Iq some genera, such as Acrosalenia, some 

Apical syRtem of of the anal plates are large and thick, and are 
a'^iST^opSSS: firmly attached to the genitals. One of these 
(Ifter P. and F. Bar- plates may increase at the expense of the rest, 
until, as in the genus Salenia, there is one large 
suranal plate attached to the genitals (Fig. XIX.). This plate 
has been regarded as the homologue of the imaginary dorso- 
central plate of the Crinoids. This plate pushes the anus back- 
ward from its originally central position. 

A tendency towards the retrogression of the anus is shown 
in all groups of Echinoids. One of its efifects is the pulling 
out of the posterior plates of the apical system, and the consoli- 
dation and increase of those in front. Thus in Zeuglopleurus the 
anterior genitals meet along the middle line, while the posterior 
genitals become narrow and are completely separated from one 
another by the oculars. In Pygaster (Fig. XI. 1) the retrogression 
has become so marked that the anus lies just outside the apical 
system, which is therefore " exocyclic.'^ In Clypeus (Fig. XI. 2, 3) 
the anus becomes completely detached from the apical system, 
which is no longer a ring of plates, but a compact group. 
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In EdkinMA the madreporite (Fig. I. m), or the opening of the 
water-vascular system, is on the right anterior genital plate. After 
the anus has receded from the apical system, the madreporite 
begins to follow it. In a simple compact apical system the pores 
of the water-vascular aperture occur only in the right anterior 
comer of the system. Such a system is said to be " ethmophract," 
as in DtBOoidea or Micraster (Fig. XI. 4). In more advanced forms 
the pores and the plate on which they open extend backward until 




Pio. XI. 



Apicftl systems of Echinoidea. 1, Pygcuter umbrUUi ; 2. dypeus siniMttu ; 8, Clypeut HVfOi ; 
4, Diacoidea oonioa; 6, Spalangta fmrjmreus. In 1 and 2 the anus is still in contact with the 
apical system ; in 8 it is firee ; 4 ie ethmophract, and 6 ethmolysian. 

they separate the two postero-lateral genitals, as in Spatangus 
pwrpwem (Fig. XI. 5). Such an apical system is said to be 
" ethmolysian." 

Another change in the apical system is wrought by the elonga- 
tion of the test in the antero-posterior direction, whereby the 
apical system becomes elongated. The plates of the two pairs of 
genitals become adjacent, and completely separate the anterior 
and the two pairs of oculars from each other; the three anterior 
ambulacra usually meet close together, and are separated from the 
two posterior ambulacra by a wide space. The three anterior 
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ambulacra then form the "trivium,'' and the two poBterior form 
the "bivium.'^ This may be clearly seen in the common Chalk 
Echinoid, Echinocorys scutatus, Leske (syn. Ananchytes ovatui^ Lam.), 
(Fig. XXXY. 2). In some cases the separation of the trivium and 
bivium becomes greater; it is finally completed in the Jurassic 
genus CoUyriUs, and the living genus Pourtalesia, in which the 
apical system is broken up into two parts, separated by a zone, of 
ordinary interambulacral plates. 

Important changes also take place in the plates of the test, 
affecting both their structure and arrangement. 

The Interambulacral Plates are biserial in the great majority 
of Echinoidea, but they may be uliiserial, triserial, or multiserial. 
Each plate may bear one tubercle or more than one ; to increase 
the strength of the muscular attachment of the spine, the mamelon 
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4 Fio. XII. 5 

Types of ambnlacral plates. 1, cidaroid : 2, diademoid ; 8, arbacioid ; 4, cchinoid ; 
5, cypliosomoid. d , demiplates ; p, primary plates. 

is perforated by a small hollow, and the boss becomes irregular, 
owing to a series of crenulations. 

Thus among other variations of interambulacral plates are the 
following: — Those which are unituberculate with the tubercles 
either plain or crenulate, perforate or imperforate ; those which 
are bi- or multi - tuberculate, and have the tubercles either 
perforate or imperforate; those which are granulate, as in 
Pakeechinus ; those which have their edges bevelled, as in Echino- 
thuria. 

The principal variation in the Ambulacral Plates is in the 
number of elementary plates (shown by the number of pore-pairs) 
in a compound plate. There are five main types : — 

1. The cidaroid, when all the plates are low, simple primaries, 
as in the Cidaridae, Orthopsinae (Fig. XII. 1). 

2. The diademoid, when all the plates are primaries, but they 
are united in sets of threes into compound plates (Fig. XIL 2). 
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3. The arbacioid^ when the compound plates are formed of 
three simple plates, the middle one being a large primary, while 
the other two are small demi-plates (Fig. XII. 3). 

4. The echinoid, when the compound plates are formed of three 
simple plates, but the middle plate is a small demi-plate, and the 
two others are primaries (Fig. XII. 4). 

5. The cyjphosomoid type, when the compound plates are formed 
of many simple plates arranged in arcs, in which the middle com- 
ponents are demi-plates (Fig. XII. 5). 

In most of the compound ambulacral plates, one or more of the 
constituents become " demi-plates " by losing their contact with 
the vertical suture on either side of the series. In some Echinoids 
some of the plates are further reduced by growth-pressure, so that 
they lie along the horizontal sutures between the primaries, as in 
the Echinothuridae, or form broad areas of numerous small plates, 
as in the Melonitidae. For these plates the name of "klasma- 
plates " has been suggested. 

One important variation affects both the ambulacral and inter- 
ambulacral plates. In some forms, such as Asthmosoma^ the plates 
are thin and attached to powerful lateral muscles (Fig. XXX.), by 
which the test can be contracted and 
expanded. In such Echinoids the plates 
are not closely fitted like stones in a 
mosaic, but the edges are bevelled, so 
that the plates overlap like slates on a 
roof. 

The Mouth Armature also under- 
goes great changes, which may be best 
seen by the nature of the perignathic 
girdle, of which there are five main 
types. In Cidaris (Fig. XIII. 1) it i^ 
"disconnected," consisting only of an 
erebt "ridge" situated on the inter- 
radial plates around the peristome. 
In Salenia (Fig. XIII. 2), in addition to 
the ridge, there are small " processes " 
on either side of the ridge — the pro- 
cesses arise from the ambulacral plates. 
In the Diadematidae and Echinidae 
(Fig. XIII. 3) the ridge becomes insig- 
nificant and the processes important ; 
they lengthen and form an arch across 
the ambulacra. The perignathic girdle 
is then said to be " continuous." The extreme form is met with 
in such genera as Echinomeira (Fig. XIII. 4), where the arch is 
strengthened by a strong cap. In those Echinoids in which the 
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Types of perigiuttliic girdles. 1, 
disconnected type of Cidaris ; 2, di8> 
connected type of SaUnia ; 8, simple 
arch of Diadema ; 4, capped arch of 
EtMnomtira. a, ambulacral plates; 
aur. auricle ; e. cap ; i, interambula- 
ciai plates; i.a,p, interambulacral 
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apical system is exocyclic, the jaws become less important. In 
the Clypeasters the jaws are massive, but their power of move- 
ment slight, as they are poised on small vertical processes which 
fit into a socket on the pyramids. 

In the Holectypina we see a gradual reduction of the peri- 
gnathic girdle, the processes becoming low and the ridge important 
(as in Discoidea), until in Galerites the ambulacral processes are 
absent) and there are only five low interradial thickenings which 
act as ridges. Finally, from the Atelostomata the perignathic 
girdle and jaws are completely absent. 

The Generative Glands are fairly constant in character, but their 
number varies, one or more being lost in many Irregular Echinoids. 
The young are generally free-swimming plutei, but some species 
are viviparous, the young being nursed in marsupial depressions 
(Fig. XLIIL, see Wyv. Thomson, 81). 

In spite of these great variations in structure there are several 
characters common to all Echinoids. By the selection of those 
structures wliich are found in all the Echinoids (except when they 
have been lost by obviously secondary modification) it is possible to 
conceive a schematic Echinoid. This is useful, as it helps us to an 
idea of the primitive ancestor of the class, and as it brings into pro- 
minence the features which separate the Echinoidea from the other 
Echinoderma. 

The Primitive Echinoid — for which various names have been 
suggested — probably had a globular muscular body, covered by an 
irregular series of polygonal plates. It must have had a simple 
alimentary canal rising from a mouth situated at the centre of the 
lower siirface ; at first, possibly, it may not have had an anus, 
which, when it came, opened on the upper surface. Three rings 
surrounded the oesophagus, and from each ring five branches passed 
up the test to the aboral pole. These three^ rings with their 
branches formed the water-vascular, blood-vascular, and nervous 
systems. Branches from the radial vessels of the water-vascular 
system passed between the plates of the skeleton to the exterior 
and acted as suckers. The suckers, by absorption of parts of 
the plates, .at length passed out through pores, instead of through 
the sutures. The perforated plates were therefore marked off 
from the others and formed the five ambulacra, while the imper- 
forate plates between constituted the interambulacra. A tube 
connected the water-vascular ring with the exterior, and allowed 
the entrance of the necessary water by a single pore. Five un- 
paired gonads occupied the interambulacral areas. The primitive 
Echinoid did not have either a stalk, apical system of plates, 
masticatory apparatus, or perignathic girdle. 

Such an animal would have been regarded as an Echinoid, as it 
^ was not attached by the aboral surface, but on the contrary had 
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the mouth downwards ; as its gonads were quinqueradiate ; and as 
its ambulacra extended from the peristome almost to the aboral 
pole. The union of these three characters separates the Echinoidea 
from the rest of the Echinoderma. 

Proceeding to discusB the Sub-Classes^ Orders, and Families of the 
Sea-urchins, we may sum up their common characters in the following : — 

Diagnosis of the Olaas.^ — The Echinoidea are eleutherozoic Echino- 
derma which are actinogonidial (ie, having the gonads quinqueradiate) 
and zjgopodous (the podia extending from the peristome to near the 
aboral pole). The body is covered by numerous series of plates, osuallj 
polygonal and in vertical series. The apical system may be absent, 
rudimentary, well developed, or very extensive. The gonads are un- 
paired and interradial. The body is spherical, or flat, or bilaterally 
symmetrical, and is covered by spines which may be long, stout, and 
strong, or present every stage of reduction to such as are fine and 
silky. An anus is always present, but its position is variable ; but 
it IB either at the aboral pole or in the posterior interradius. Respiration 
is partly by gills and partly by podia. Development is either direct or 
indirect 

The usual primary subdivision of the Echinoidea is into two sub- 
classes — Palaechinoidka and Eubghinoidba ; the former including ap- 
proximately all the Palaeozoic, and the latter all the Neozoic Echinoidea. 
The last formal attempt to define the two groups was that of Duncan 
(24, p. 4), which has been accepted by Jackson (41). 

Excluding from Duncan's diagnoses characters common to the two 
sub-classes, we find that the only distinction between them is that the 
Palssechinoidea have either one or more than two vertical rows of plates 
in each interambulacrum, and two or more vertical rows of plates in each 
ambulacrum ; while the Enechinoidea have two vertical rows of plates in 
each interambulacrum and in each ambulacrum. 

This classification is open to two fatal objections. The rule is not 
absolute. Thus in the Cretaceous genus Tetracidarxs there are four rows 
of plates in each interambulacrum ; and in such genera as the Euechinoid 
Trvpnehutes^ it is no more correct to say that there are only two rows of 
vertical plates in the ambulacra, than it would be to say so of the Palss- 
echinid PaUuckvnm which is described as having more than two vertical 
series. In the second place, the classification separates fairly close allies, 
and brings together extremely divergent forms. Thus, such a species as 
the Liassic Euechinoid Cidaris edwardsi is far more closely allied to such 
a Palssechinoid as Archaeocidaris than the latter is allied to Tiareehintu. 

The separation of these two sub-classes was originally based on several 
very definite characters, such as the imbrication of the plates, the flexi- 
bility of the test, and the number of pores in the genital plates. One by 
one these characters have been shown to be valueless for the purpose for 
which they were used, but the classification based on them has been re- 
tained. It is preferable to return to the division of the Echinoidea into 
— RxouLARiA and Irrkgulabia* 



1 Emended from Bell (10), p. 214. 
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Sub-Class 1. Rsgularia Endobramchiata. 

Mouth and anas at opposite poles. Anus surrounded by the apical 
system of plates, when they are present. No external gills. 

Ordir 1. Bothriocidaroida, Schmidt 

Lov^n has shown that in many young Echinoids the interambulacrum 
begins and ends with a single plate. In the oldest known Echinoids the 
whole interambulacrum consists of a single vertical series. The Echinoids 
in question are two species from the Ordovician rocks of Esthonia. They 
belong to the genus Boihriocidaris, Schmidt. 

Bothriocidaris has a small test, on the top of which is an apical 
system (Fig. XIV. 2), composed of a ring of five large ocular plates, in 
the angles between which are five small imperforate genital plates. 
Each ocular plate has two pores. The anus is in the centre of the 
apical system, and the periproct is covered by six or eight anal plates. 
The test is mainly formed by the ambulacra. Each ambulacrum consists 






Fio. XIV. 

,BothriocUlaris Pahleni, Scliniidt ; Oi-dovician, Russia. 1, from the side ; 2, apical •ystem ; 
8, peristoiiiial plates. Tlie interambalacral plates are shaded. 

of two vertical series of hexagonal plates, each perforated by one or two 
pore-pairs. The interambulacra are narrower than the ambulacra, and 
consist of a single series of plates which do not extend to the peristome, 
from which they are cut off by the expansion of the peristomial ambulacial 
plates (Fig. XIV. 3). The most recent description of the genus is by 
Jaekel (42). 

Ordkr 2. Cystocidaroida, ZitteL 

Echinoidea Begularia Endobranchiata with test ovoid, flexible. No 
apical system of platea Madreporite and anus (when present) open in* 
dependently in the posterior interambulacrum. Mouth centraL Ambu- 
lacra of low, closely packed platea. Interambulacra broad, of nnmeiona, 
thin, and irregularly arranged plates, bearing short spines. A masticatory 
apparatus present. 

Faiolt 1. Palabodibcidae. Cystocidaroida with depressed, discoid 
body. The ambulacral plates are biserial, crowded, and narrow ; on the 
oral surface they are not perforated by poies^ but the podia paas out 
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through the satores between the plates. Near the aboral pole the 
ambulacra are narrower and pores occur in the plates. Qenus — 
PoloeociifciM^ Salter, from the Silurian of Ludlow. It is the most 
primitive of known Echinoids and has been frequently assigned to the 
Stelleroida. The main radial water-vascular vessels appear, however, 
to have passed along the inside of the test instead of below or outside 
the ambulacral plates, as in Stelleroids (Salter, 42 on p. 280, wnXe; Neu- 
majr, 64 ; Gregory, 36). 

Family 2. Echinqgtstidab. Cystocidaroida, in which the ambulacra 
consist of narrow plates, each perforated by a pore-pair. The pore-pairs 
are biserial ; most of the plates are low primaries, but demi-plates also 
occur. Qenus — Echinoeyttis, Wy v. Thonis. (noit Hall), Silurian ; one of 
the most remarkable of known Echiuoids. It has no apical system of 
plates, and the anus and madreporite both open independently in the 
posterior interradius. The genus is therefore sometimes described as 
ezocyclic, but it is really acyclic (Gregory, 36). 

Ordbr 3. Cidaroida. 

Echinoidea Regularia Endobranchiata, in which the peristome is 
central ; the periproct is central on the aboral surface of the body, and is 
surrounded by the apical system of plates. The ambulacra each consist 
of two vertical series of simple narrow plates, some of which may be 
demi-plates. The interambulacral plates are unituberculate, bearing large 
spines. There is a dental apparatus. 

In the Devonian system the Echinoids are scarce, but their characters in- 
dicate a marked advance upon the Silurian species in the strength of the tests, 
owing to the greater thickness 
and regularity of the plates. 
Two main lines of differen- 
tiation are apparent In the 
first the increase takes place 
in the interambulacral plates, 
in the second the ambulacral 
plates become more import- 
ant. The former is the order 
Cidaroida, the latter is the 
order Melonitoida. 

There are four families 
of Cidaroida, of which three 
are extinct. The most typical 

genusis Cidam; the earliest Diagram of arrangemeni of plates near peristome 
and most primitive is LepidO- in Lepidooentnu, Devonian, Germany. 

cmtrui. 

Family 1. Lefidogbntridae. Cidaroida with ambulacral pore-pairs 
in a single series. Interambulacral plates in more than two vertical rows. 
Test flexible, owing to imbrication of the plates. No interambulacral 
plates pass on to the peristomial membrane. This family is represented 
by four Palaeozoic genera — LqndoceniruSf Miiller, Devonian ; LepidechinWy 
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Hall, Devonian and Lower Carboniferous; K(minekocid4iri8, Dollo & 
Buisseret, and Periachodomug, M'Coy, both Carboniferous. The main 
character of the family is that none of the interambulacral plates occur 
detached from the test on the peristomial membratie (Fig. XV.).^ 

Family 2. Arohabogidaridae. Cidaroida with ambulacral pore- 
pairs in a single series. Interambulacral plates in more than two vertical 
rows. Test slightly flexible, owing to slight imbrication of plates. 
Peristome large, several rows of the interambulacral plates as well as of 
the ambulacral passing on to the peristomial membrane. The main char- 
acter of this family is that, while the interambulacral plates remain in 
more than two series and somewhat imbricated, in both of which 
features it agrees with* the Lepidocentridaef it has acquired the peristomial 
characters of the true Cidandae, Genera — ArchaeocidariSy M*Coy (Fig. 




Fio. XVI. 

1, PaUeechinus fphaeriaUt M'Coy ; GarboniferouH. f, A plate and spine of Archaeoddarii 
iirii, Fleui. ; Carboniferous. 5» Cidarit ylandi/eiv^ Goldf. ; Jurassic. A, Hemicidaris itUermedia, 
Fleiu. : Mid. Jurassic. 5, Saienia jtettdiferat DeHui. ; Cretaceous. 6, Difsaster ririgentt Ag. ; 
Jurassic. 7, Enallaster Greenovit Forbes ; CretaccouH. 8, CaiopyguB eiAun^riuit Jjua. ; 
Cretaceous. 



XVL 2), and Lepidocidaris, Meek & Worthen, both Carboniferous. In 
the latter some of the ambulacral plates are demi-plates. Xenocidaris^ 
known from spines only, may also belong here. 

Family 3. Cidaridae. Cidaroida with ambulacral pore-pairs uni- 
serial and plates all primaries. Interambulacral plates in two vertical 
series in each area. Test rigid, as the plates do not imbricate. Several 
rows of interambulacral and ambulacral plates pass on to the peristomial 
membrane. The family includes the living genus Cidcms, Leske, with 
its numerous subdivisions — Bhahdocidaris, ChondroddarU, StereocidarU, 
DiicocidanSy Tylocidans, Typocidaris, Dorocida/risj etc. Gonioeidaris, Des.; 
Orthocidarisy Cott ; Temnoddari^ Cott ; PolycidariSy Quenst, are also 
genera of this family. Cidaris is one of the most primitive of recent 
Echinoids, and therefore one of the most instructive. 

^ The systematic value of this character is shown in Jackson's interesting paper 
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Fig. XVII. gives the aboral surface of Oidarts (Stereocidarts) iubveii- 
culota, from the Chalk, showing its primitive dicydic apical system ; its 
massive interambulacr^l plates separated by very narrow ambulacra, com- 
posed only of low, simple primaries (Fig. XII. 1). The arrangement of 
the peristomial plates in this genus is very important ; the peristomial 
membrane is covered by loose plates which include representatives of 
both the ambulacral and interambulacral series. There are no arched 
processes over the ambulacra, the perignathic girdle consisting only of 
interradial ridges (Fig. XIII. 1). The internal gills,^ or Stewart's organs, 
are well developed 

Familt 4. DiPLOCiDARiDAE. Cidaroida with ambulacral pore-pairs 
biseriaL Interambulacral plates in two or more vertical series in each 




Fii;. XVII. 
ddarU (Stere4)ddari8) nibvesiculioa, d'Orbigny ; fh>m tlio Chalk. 

area. Peristomial plates as in Cidaridae. This family includes the 
interesting genus Tetracidarisj Cotteau, which has four rows of plates in 
each interambulacrum. This Palseechinoid character is associated with 
a type of ambulacrum which, for the Cidaridae, is remarkably specialised. 
A second genus is Diplocidarisy Desor. 

Order 4. Melonitoida. 

Echinoidea Begularia Endobranchiata, in which the peristome is cen- 
tral on the lower surface, and the periproct central on the upper surface, 
surrounded by the apical system of plates. The ambulacra each consist of 
two or more rows of simple plates, of which some or all may be demi- 
plates, or klasma-plates. The interambulacral plates are povei*ed by 
granides bearing short, simple spines ; but occasional tubercles may occur. 

^ It should be xsmembered that the respiratory ftinction of these orgua Ib still 
hypothetioaL 
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There are more than two vertical series in each interambnlacrlim. There 
is a maetica;tory apparatus, but no extenial gilla The order is therefore 
endocydic, gnathostomate, anectobranchiate, with simple ambulacral 
plates, and having granulate interambulacrals. 

This order represents an offshoot from the main Cidarid stem. It 
began in the Silurian, attained its maTimum in the Carboniferous, and 
became extinct in the Permian. There are three families in the order, 
and these form an evolutionary series. All differ from the Cidaroida, 
by having granular instead of unituberculate plates, which, by itself, 
however, is not a character of ordinal importance. The main feature 
is the great increase in the importance of the ambulacral areas, reminding 
us of BothriocUlaris, This character is well developed in the two more 
specialised families, but in the Paloeechinidae it is only just appearing. 
Thus the family named is closely allied to the members of the Cidaroida, 
and is separated from that order only as it marks the beginning of a 
very remarkable type of Echinoid structure. 

Familt 1. Palaechinidae. Melonitoida, in which the ambulacral 
plates are essentially biserial (or in one case triseriol). Most of the 
plates are primaries, and the remainder long, narrow, demi-plates. The 
plates of the test are rigidly attached. One row of interambulacral 
plates passes on to the peristomial membrane. Genera — Palasechinuiy 
M*Coy (pars), and BhoechiniLSy Keeping; and perhaps also PertKhocidaris^ 
Neumayr (83m. Homotoedms^ SoUas). The family is separated from the 
Melonitidae, owing to the great difference in the characters of the 
ambulacra ; but it is regarded as the ancestral group from which that 
family was derived. Bhotckinus is the simplest genus, and includes those 
with the pore-pairs in a single series. PcUasechintu, which ranges from 
the Silurian to the Carboniferous, includes those in which the pore-pairs 
are biserial, and demi-plates occur (Fig. XVI. 1). 

Familt 2. Melonitidae. Melonitoida, in which the ambulacral 
plates are all small, simple klasma-plates, which are multiserial in arrange- 
ment. These form broad areas. The test is rigid. One row of inter- 
ambulacral plates passes on to the peristomial membrane. This family 
represents a marked advance on the previous one. The tendency 
towards the crowding of the ambulacral plates and the reduction of many 
of them into klasma-plates has made great progress. Qenera — Oligoponu^ 
Meek & Worthen, Carboniferous ; the plates agree in general character 
with those of PaloeechintUf but the ambulacral plates are quadriserial 
instead of biserial. MeUmiteSj Norwood & Owen, Carboniferous; the 
process has gone further, and each ambulacrum consists of from six 
to sizteen vertical series. 

Familt 3. Lspidssthidab. Melonitoida, in which the ambulacral 
plates are small klasma-plates, multiserial in arrangement The plates 
of the test imbricate. None of the interambulacral plates pass on to the 
peristomial membrane. This family is the extreme type of the Meloni- 
toida, and represents a condition in which the plate arrangement becomes 
most irregular. It includes the species with the greatest number of plates 
in the ambulacim. The plates being thin and small, the teat 10 neoessaiily 
fragile a danger to the animal obviated by the imbrication of the plated 
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Ab is the rule among all thin-plated, flexible Echinoids, there is a marked 
tendency to incgolaritjy especially shown in Pholidocidaris, Qenern — 
PheUdoeidarii and Lepidestfui, both of Meek & Worthen, from the Lower 
Oarboniferons. 

Order 5. Plesioeidaroida, Duncan. 

Echinoidea Regularia Endobranchiata with a small rigid test , 
paristonie and periproct central and opposite. Periproct in the centre 
of an apical system of large plates, which forms half of the whole 
test ^e ambnlacral areas are short and biserial. Their plates are 
all simple primaries. The interambulacra have each a single peristomial 
plAte. 

Faiolt 1. TiABiOHUiiDAE. Plesiocidaroida with desmactinic ambu- 
lacra {ie. ambulacra continuous from peristome to apical system). Each 
i n ta r a m bnlacrum consists of four plates, viz. a single peristomial plate 
and three tall, yertieal plates in a horizontal row. Genus — Tiarechimu, 






TiarteMn'ut jnineupt, Neumayr ; Trias, TyruL 1, from the Hide ; 2, from below ; 
S, the apical system (raagnlfledX 

Neumayr ; Trias, Tyrol. The figures (Fig. XVIII.) show its enormous 
apical disc, small ambulacra, and vertical interambulacral plates. 

Faiolt 2. Ltsichikidas. Plesiocidaroida with ambulacra limited to 
grooves on lower surface of the test Each interambulacrum begins with 
a single peristomial plate succeeded by a row of two plates, and this by 
one or more containing three plates. Genus — LyseehintUf Greg. (34) ; 
Trias, Tyrol 

This small order includes the two most aberrant of all known 
Echinoids. In Tiarechinus there are three vertical plates in each inter- 
ambulacrum, while the calyx is much larger and more crinoidal in 
aspect than in any other Echinoid. It has hence been regarded as an 
argument in favour of the origin of the Echinoidea from an ancestor in 
which the apical system was of great importance. Both known genera of 
Plesiocidaroida are small forms, and they appear to have lived under 
unfavourable conditions in Triassic lagoons, for the Echinoids with which 
they are associated are all dwarfed. Hence it seems more natural to 
dismiss Tiarechinus aud Lysecfdmis as two aberrant genera, in which the 
test was strengthened by the development of the apicid plates. Thus they 
have no bearing on the character of the ancestral Echinoid. 

20 
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Sub-Class 2. Keqularia Ectobranchiata. 

Echinoidea with mouth and anus at opposite poles. Endocjclic, with 
external gills. 

Order 1. Diademoida, Duncan. 

Echinoidea Regular) a Ectobranchiata in which the mouth and anus 
are both central and opposite. The anus opens in the centre of the apical 
system (which may however be rudimentary). The external branchiae 
pass out through the buccal clefts. A dental apparatus is present 
There are no interambulacral plates on the peristomial membrane. The 
ambulacral plates are generally compound. 

This order marks a great advance on any of those previously 
defined. The ambulacral plates in some forms remain as simple 
primaries, but in the majority they unite into compound plates, different 
from anything met with ii* the preceding groups. At the same time 
external gills appear, with or without internal gills, and none of the 
interambulacral plates occur on the peristomial membrane. The order is 
accepted practically as defined by Duncan,^ but his method of division is 
not followed. 

Sub-Order 1. Calycina. 

Diademoida in which the apical system is very large and includes 
one or more supplementary suranal plates. 

As we have seen I^ the description of TuirechimLs and Lysechinui^ 
these small forms gained strength by the development of a scries of 
large apical plates. In one group of the Diademoida the same result 
is obtained by the incorporation of one or more "suranal plates" 
in the apical system. Like TiarechinuSy 
the Echinoids in which this feature first 
appeared are very small. The character has 
persisted from the Trias to the present time, 
but the Echinoids in which it occurs are never 
large. 

Family 1. Saleniidae. Calycina in 
which th: ambulacral plates are simple 
primaries, and there is one large sumnal 
plate in the apical system. Genera — jSaZenta, 
Gray ; Heterosalenia, Cott ; PeUasUSy L. Ag, 
Fio. XIX. (Fig. XVI. 6 ; Fig. XIX.) ; Goniophorus, L. Ag. ; 

Salenia ^^^^ Abactinal Baueria, Ebert 

Family 2. Agrosalenudae. Calycina in 
which there are one or more suranal plates in the apical system; the 
ambulacral plates are simple primaries near the apical system, but com- 
pound, with demi-plates near the peristome. Genus — Acrosaleniaj L. Ag. 

^ The perignathic girdle is not always continuous as stated in his diagnosiR.— 
Duncan (24), p. 24. 
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Sub-Order 2. Arbacina. 

Diademoida in which the auibulacral plates are simple primaries 
near the apical area ; at the ambitus they are compound. Some or 
all of the compound plates consist of a large central primary, on either 
side of which is a small demi-plate. (These plates are on the '* arbacioid " 
type of Duncan.) 

The Echinoids of this sub-order contain forms characterised by remark- 
able simplicity of structure. The interambulacral plates are large and 
generally of the Cidarid type. The peristome is large. The ambulacra 
are narrow except on the ambitus and near the peristome, where they 
often expand somewhat suddenly. The apical system is large and simple. 
There ai'e two families, one of wliich is typically Jurassic, and the 
other typically Cainozoic This difference in age has probably delayed 
the recognition of the resemblances between the two families. There 
are, however, several Cretaceous genera which link the Jurassic and the 
Cainozoic forms, and thus support the idea that the Arbaciidac are the 
descendants of the Hemicidaiidac. 

Fahily 1. Uemicidaridak Arbacina in which the ambulacral 
plates are nari-ow, and consist of simple primary plates for some 
distance from the apex. The compound plates are few in number, 
and irregular in arrangement ; the arbacioid 
ty\)e of plate is not extensively developed, 
many of the compound plates being dia- 
demoid, though with the sutures approach- 
ing the arbacioid character (Fig. XX.). This 
family is not well marked off from the 
Arbaciidae. It represents the characters of 
that family imperfectly developed. Genera 
— Hemiadaris, L. Ag. (Fig. XVI. 4 ; Fig. 
XX.), is the most important ; Acroddaris^ 
L. Ag.; Goniom>^, L. Ag. ; CircopeUU, ...Jerof ZSC. SS: 
Poiuel ; Cidaroosis. Cott : Glypticus. L. Ag. ; i'lem. ; .imassic. «iiowing the 
T A 'J ' A xii. J 1 v arbacioul Mtructure of the plates. 

Leptoctdaru^ Quenstedt, and several sub- (After Duncan.) 
genera. 

Family 2. Arbaciidae. Arbacina with small, generally sub-conical 
tests. They are ornamented by numerous granules ; a bare space occurs 
in the middle of the upper part of each interambulacrum. The am- 
bulacral plates are mainly on the arbacioid type, but there are some 
primaries near the apical system, and a few diademoid plates between 
the primaries and the arbacioid plates. Ocular pores double. This 
fiamily includes four primitive genera ; of these two are only known 
living, one occurs in the North American Cainozoic, and the fourth 
ranges from the Eocene to the present day. The main distinctions 
from the Hemicidaridae are that in the ambulacra there are fewer 
primaries and more compound plates, and that the union of the inter- 
ambulacral plates is strengthened by the development of a series of 
knobs and sockets. These occur on the facets of the plates, the knobs 
of one plate fitting into the sockets of the next (Fig. XXI. 2). 




3o8 



THE ECHINOIDEA 



Gknera — Arhada^ Gray ; Echinoddaris, Dune non Desmoolins ; Codo- 
pUuriiSf Ag. ; Podocidaris, A. Ag. 

Sub-Order 3. Diademina. 

Diademoida including a series of Echinids in which the compound 
ambulacral plates gradually increase in complexity. In the simplest 
forms all the plates are simple primaries ; in others, some of the plates 
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1 Fio. XXI. 2 

Arbacia nigiu, 1, ambulacral plate ; 2, interambiilacral plate showing articular 
pits (p) and knobs (A). 

are compound, each being formed of three primaries (the diademoid 
tjrpe) ; in others, again, some of the plates consist of three or more prim- 
aries and one or more demi-plates, which occur between the aboral and 
middle primaries. 

This is the largest of the sub -orders of regular Echinoidea and 
includes important families. It represents an evolutionary series from 
the primitive Eodiadema to the complex Cyphosomatidae or the 
abnormal Echinothuridae. The simplest members of the sub-order can- 
not be distinguished from the Saleniidae by ambulacral structure alone, 

but they are clearly separated by 
the absence in this group of any 
suranal plate. 

Family 1. Orthopsidae. 
Diademina with the ambulacral 
plates all simple primaries, and 
the pore-pairs in a simple series. 
This interesting family includes 
a series of simple Echinoids, 
1, from which form the beginning of the 
sub -order Diademina. It in- 
cludes seven genera ranging from 
the Middle Lias to the present day, viz. Eodiadema^ Dune. ; Arckaeo- 
diademcL, Oreg. ; OrthoptiSy Cott ; OymnodiadenMy Lor. ; Peronia, Dune. ; 
Eehmopsisy L. Ag. ; AspidodiademOf A. Ag. The only living genus is 
Aipidodiadema, a deep-sea form dredged by the Challenger. It lias 
been made the type of a special family by Duncan, but it seems to 




1 Fio. XXII. 2 

Atpidodiadetna Umsnm (after A. Agassiz). 
the side ; 2, ftom above showing the apical system 
composed of a single ring of ten plates. 



THE ECHINOIDEA 



309 



be a survival of the Orthopsidae. The apical plates form a single 
circle, within which are five laige anal plates around the anus (Fig. 
XXII.). 

Family 2. Diadsm atidas. Diademina in which the anibulaeral 
plates at the ambitus are compound, and consist of three (Fig. XXIII.) 
or more (Fig. XXIV.) primaries fused together with an occasional demi- 





FiR. XXIIJ. 

(.impound ambuki- 
oral plates of Vmudo- 
tiiadema hemitjAiuriea: 
Ui« simple okdemoid 
type of three primaries. 



Vie XXIV. 

Comijound anibulaeral 
plate of Ptetidodiadeitna 
Kmitpluuricay containing a 
demi-plate (rf). 




Fig. XXV. 

Compound ambulaeral platen 
of JHncodiadema Mkhdini (after 
Duncan) ; one formed of fbnr ami 
the other of five components. 



plate (d). This family includes fourteen genera ranging from the Lias 
to recent times, viz. Diadema, Gray ; Psevdodiadenuij Desor (Figs. XXII 1., 
XXIV.) ; Mierodiadema, Cott ; Diademopsis^ Desor ; Hemipedma, Wright ; 
Eehinodiademaf Cott ; Pleurodiademaj Lor. ; Placodkidema^ Dune. (Fi^'. 
XXV.) ; HeUrodi<idema, Cott. ; Codiopsis, L. Ag. ; Magnona^ Mich. ; 
CatUMia^ Des. ; Genirottephantu, Peters ; Hdikodiadema^ Qregory. 

Family 3. Diplopodiidae. Diademina in which the nmbulacml 




Ambulaeral ^tM of DlpUtpodin 
ner9tp9ru (after iHmcan). ahowing tke 
biiterlal arrangenimt of the pore^palrs. 




Fio. XXVII. 

Compound arabulacial plates 
of Peuina Umithi ; one plate 
coneistK of three prinartea, 
and one of a central primary 
and two demi-plates (</>; the 
ix>i*e- pairs occur in oollque 
sericH, with three pairs in each. 



plates are compound ; the pore-pairs are biserial either throughout the 
area, or at least near the peristome (Fig. XXVL). Genera — JDipkpodiay 
M'Coy ; Phymeekinus, Des. ; Atteroprisy Cott. ; Diplotagmay Schliiter ; 
Pliilophyma, Peron & Gauthier ; (?) Acanthechinusj Duncan & Sladen ; 
Micropygoy A. Ag. 

Fahilt 4. Pbdinidae. Diademina in which the ambulaeral plat(>.s 
are compound and the pore-pairs are triserial (Fig. XXVII.). Genera — 
Pedina^ Ag. ; PictidopedifMy Cott. ; Heteroeidariit Cott ; Stimitchinut^ Des. ; 
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Polycyphii^ Ag. ; Pedinothuriaf Greg. ; Micropedina^ Cott. ; Cod^chvnw, 
Des. ; Echinopedivay Cott. ; EchinothriXj Pet ; AstropygUy Gray. 

Family 5. Cyphobomatidae. Diademina in which the ambulacral 
plates ave compound ; they are high with from three to seven pore-pairs 
in an arc ; the adoral and supra-adoral, and sometimes also the aboral 
plates are primaries. The remaining constituents 
are demi-plates (Fig. XXVIII.). Genera — Actino- 
phyma, Cott. & Gauth. ; Cyphosoma, Ag. ; Leiosoma, 
Cott. & Triger ; Gauthierta^ Lamb. ; Thylechtmi8, 
Porael ; Coptotoma^ Des. ; Micrapm, Cott ; Ortlie- 
Fio. XXVIII. chinvs, Gauthier (syn. Gagaria^ Dune.) ; Tnplacidia, 

Ambulaml plate of Bittner. 
Cyphoamim, composed of In the normal compound ambulacral plates of 

demi-pfates. ^ *" ^** the Diadematidae each plate consists of three prim- 
aries ; but, as in the case of Fig. XXIV., an extra 
demi-plate sometimes appears below the uppermost primary. Tliis is the 
link between the typical Diadematidae and Cyphosomatidae. Demi -plates 
appear in Diadematids in the Middle Oolites ; the Cyphosomatidae begin 
in the Upper Oolites and attain their maximum in the Ci-etaceous. The 
last members of the family lived in the Eocene. 

Family 6. Echinothuridae. Diademina in which the test is more 
or less flexible ; the plates are thin and usually separated by membrane. 
Apical system rudimentary (Fig. X.) ; ambulacral plates triserial, arranged 
typically in triplets of a central primary between two klasma-plates. In 
«>ne genus three triplets unite together to fonn a single plate. This 
interesting family was founded by Wyville Thomson to include the 
Chalk fossil Echinothnria^ S. P. Woodw., and some living Kchinoids 
dredged by the Porcupine Expedition. As the tests are flexible and 
the iiiiates overlap, the family was at first compared with the Palaeozoic 
Kchinoids. P. and F. Sarasin argued from the rudimentary nature of the 
apical disc, and from the great size of the ** Stewart's organs " and the 
presence of i)owerful radial muscles (the two lattex characters being very 
noticeable in a new species of Asthenosoma described by those authors) that 
the Echinothuridae were a primitive family of Ecninoids, and hel|>ed to 
establish the origin of this class from a Holothuroid ancestor. Neviani 
accepted this conclusion. Butj as has recently been shown (Gregor)', 
35), tue family is an offshoot from the Pedinidae ; the genus Pedino- 
ihw-ia helps to bridge the gap between Pedina and the oldest known 
Echinothurid — PdaneckinvA, 

Sub-Family 1. Pelanechininae. Echinothurids of which the am- 
bulacral plates are compound ; those near the apex consist of two demi- 
phites and a large middle primary. Those at the ambitus consist of 
three sets of three plates united into a single polyporous plate ; each 
triplet of this compound plate consists of a primary between two demi- 
plates or klasma-plates. Genus — PeUmeckinw^ Keeping; Corallian, 
Wiltshire. An admirable account of the genus has been given by Groom 
(37). Sub-Family 2. Eghinothurinae. Echinothuridae in which the 
ambulacral plates are simple and free ; they consist of triplets, each com- 
l)osed of a large central primary, and with an isolated klasma-plate above 
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and below it Genera — ^J^cfcttiotfcwria, S. P. Woodw. ; from the Chalk ; 
il««^«fUMOffMs Orube (Fig. XXIX.), a living genus with large << Stewart's 
organB " and powenul radial muscles ; and Phomumma, Wy v. Thomson, 
wiih rudimentary Stewart's organs and without powerful radial muscles. 
In the Echinothurinae the reduction in the calcification of the test, 
which had begun in Pelanechinus^ has been carried so far, that all the 
ambulacral plates are disunited, but are held together by strong muscular 
lining. In Adhmosoma there is, in addition, a series of ]x>werful radial 
muscles (Fig. XXX.), which give a panting motion to the test. The 




Fio. XXIX. 

Atthtnoioma hystrix. Oral surface ; the tip* of the Jaws are seen protruding tlirough 
the periatoiiiial membrane. 

spines are covered by epithelium, and when handled can inflict a sharp 
•ting. 

SUB-OrDBB 4. ECHININA. 

Diademoida in which the ambulacral plates typically consist of an 
aboral and adoral primary, between which are one or more demi-plates. 
The sub-order includes a series of Echinoids, in the simplest of which the 
compound ambulacral plates consist of three primaries, and are separated 
from one another by free primaries. 

In the sub-order Arbacina the plates of the test are often fixed 
together by sockets and knobs (Fig. XXI. 2), while in some genera, such 
as Olypticuiy there is a great development of the subsidiar}' ornament. In 
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Fio. XXX. 

liailial tuuscle of AiA^nawmx, 
(After P. and F. Sarasin.) 



the simplest forms of the Echinina both characten are farther developed. In 
the Chalk genera, Olyphocyphus and ZeugkpUwrtu (Fig. XXXL), the satnrea 

are excavated by deep hollows, while the plate 
are thickened bj granules and ridges. From 
such forms as these there is a gradual transi- 
tion to others with deep pits, which dowel 
into the plates, as in Ternnopleunti (Fig. 
XXXIL). The transition from the diademina 
to echinine type of ambnlacral plate is 
shown by ZeiiglopUwui and OrHudophui, In 
the former the plate consist of three fosed 
primaries, separated by free primaries. The 
middle primary is often very small, and in 
Ortholophui is often reduced to a demi-plate. 
The plate then have the arrangement typical 
of JSchvnus, From this oligoporons plale 
the polyporous strongylocentrotoid tjrpe is 
produced by the development of one or 
more demi-plate between the aboral and 
adoral primaries. 
This Bub-order began in the Cretaceous. 

Family 1. Temnopleubidab. Echinina in which the compound 
lunbiilacral plate are formed of three constituents. In the oldest and 
most primitive forms the three plates are all primaries ; in the later and 
more specialised types the middle plate is crowded into a demi-plate 
{%.€. the plate are on the Echinoid type). There is a great development 
of superficial ornamentation, and tiie plate are 
hollowed or undermined by depressions or pits. 
Sub-Family 1. Olyphooyphinae. Temnopleuridae 
in which the compound ambulacral plate are com- 
posed of three primaries ; the plates are united by 
dowelling, but there are no sutural pits. Genera — 
OlyphocyphuSy Haime (syn. RhahdopleuruSy Cott) ; 
ZeuglopleuruSy Greg. ; EMnocr/phtis, Cott. ; Faradox- 
eehmusy Laube ; Leiocyphusy Cott. Sub -Family 2. 
Ortholophinae. Temnopleuridae in which the com- 
pound ambulacral plates are composed of two primaries 
and an intermediate demi-plate. The plate are united 
by dowelling, but there are no sutural pits. Genera 
— OrtholopkuSy Dune; Goptophynuij Peron & Gauth. ; 
LepidoplewniSy Dune. & Slad. ; (?) Trigonoddariif A. 
Ag. ; DictyopleuruSy Dune. & Slad.; Arachniopleurus, 
Dune. & Slad. {RadiocyphtiSy Cott). Sub-Family 3. ZmtOopietmueothaa- 

Temnopleurinae. Temnopleuridae in which the f^if • ™5: L,P^*^v?' 

, , , T 1 ^*^ J * . upper part of an ambu- 

compound ambulacral plate are composed of two lacmm ahowinff simDia 

primaries and an intermediate demi-plate. True Ind ^avSd^toM^ 

sutural pits occur, and these often undermine the 

plate (Fig. XXXIL). Genera — TemnoplewrWy Ag. ; TemneehMiUi^ 

Forbes ; Opeekinuty Desor ; PUwreckinui, Ag. ; Sahnaeii^ Ag. ; Satma- 
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copm, Doderlein ; Mespilxa, Desor ; Microcyphus, Ag. ; Aniblypnautes^ 
Ag. ; OoniopnetuieSy Dune ; (?) flbfojwieit^te*, Ag. ; (T) GrammechinvAj Dune 
&Slad. 

Family 2. Tbiplbchinidab. Echinina in which the ambulacral plates 
consist of two primaries and an intermediate demi-plate. The three pairs 
of pores are arranged in arcs of triplets ; the sutural faces of all plates 
are smooth ; and there are no pits or grooves in their substance ; so that 
in these three respects the Triplechinidae differ from the Temnopleuridae, 
though an approach to this family is shown by Grammeckinus, Genera — 
EckinuBy Linn. ; PsammechmuSy Ag. ; Micropsinaf Cott ; Lezopedina, Oott ; 
TripneiLiteSy Ag. ( = Hipponoe) ; Stirechinm^ Desor ; Glypteckinus^ Lor. ; 
HyhevhiwiM, Desor ; Toxopnetistes, A. Ag. ; BoUtia, Desor ; Evechinus, 
Vcrrill ; Pedinopsis, Cott. . 




Fio. XXXII. 
TimnopUunu toreumaticus (after Agassiz), Rhowing the pitted test 

Family 3. Strokoylocentrotidae. Echinina with more than three 
constituents in each ambulacral plate, the pores being in high curved 
arcs. Qenera — StrongylocentrotuSy Brandt ; SphaerechinuSj Desor ; Echino- 
itrephvs, A. Ag. ; Ew^ypneustes^ Duncan & Sladen ; Pseudoboktia, Trosch. ; 
Aeolopneustes, Dune. & Slad. 

Family 4. Echinombtridae. Echinina with three or more con- 
stituents in each ambulacral plate. The test is elongate, and the long 
axis does not coincide with the antero-posterior axis. Qenera — Echino- 
mdrOf Gray; StomopnetuteSj Ag.; Heterocentrotus and Colohocentrotits, 
Brandt ; ParcuaUniay A. Ag. The elliptical shape of tlie test is the most 
remarkable character in this family. The perignathic girdle is very 
powerful, each arch being surmounted by a cap (Fig. XIII. 4). The 
spines are large and very varied in form. In Heterocentrotus the 
eecondaiy spines form a fur below the primary spines (Fig. XXXIII.) ; 
in OoloboemUrottu the spines are stout and end in flat surfaces; they 
are so crowded together as to form a natural armour-plate (Fig. 
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Fig. XXXIII. 
HtUrwtnirotm mauimiUatiis (after AgasHiz), showing relation of primary and aecondaty spines. 




Pio. XXXIV. 
Coicbooentrotut atmtus, showing the tessellate arrangement of the spines. 



XXXIV.). The spines of the Triassic genus, Anaulocidaris, Zitt., had 
a similar arrangement. 
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Sao-CLASS 3. iRREQUTiARiA, Desor. 

Echinoidea in which the anus lies outside the apical system of plates 
in the posterior interradius. 



Order 1. Oiutth08toiiiAta» Zittel. 

Echinoidea Irregularia with a central peristome surrounded by a 
perignathic girdle ; jaws present, but sometimes rudimentary. Ambu- 
lacra all similar. 

This is the first of the two orders of Irregular Echinoidea, and 
differs from the other order — the Spaiangoida — by the presence of a 
perignathic girdle and jaws. As in the Regular Echinoids, there is a 
marked tendency for the anus to pass backward out of the apical 
plates. In Pygaster the peristome is much like that of StoinedhintUy 
and the ombulacml phites are sometimes compound ; the jaws arc fragile, 
but otherwise normal. The only 
character that excludes the genus 
from the Diademoida is that 
the anus opens outside the a2)ical 
plates (Fig. XXXV. 1). Pygaster is 
thus the nearest form we know 
to the ancestor of all the Clype- 
astroid and Spatangoid sea-urchins. 

The order Gnathostomata in- 
cludes three main series. The first 
was typically Mesozoic, and was 
characterised by the reduction in 
the functional importance of the 
jaws, and the formation of the 
perignathic girdle into a high tubu- 
lar peristome. From this series 
branches diverged in opposite 
directions. In one the jaws dis- 
appeared and the perignathic girdle 
became rudimentary ; while the 
ambulacral plates remained as in Pygaster. This branch culminated in 
the aberrant group of the Qaleritidae. Later on a second branch was 
given off ; in this the jaws became of greater power ; the ambulacra 
became complex, parts of them expanding into petals, the podia of which 
act as branchiae. The Gnathostomata may accordingly be divided into 
two sub-orders. 

Sub-Order 1. Holecttpina. 

Gnathostomata in which the jaws are reduced in size and strength. 
In the most primitive members the jaws are arranged as in the 
Diademoida ; but in later forms they are inside a tubular perignathic 
girdle. The jaws do not worK on sockets. 




Pio. XXXV. 

Trregnlar Echinoidea. 1, Platter semitul- 
nthw, Phil. ; Jnramic. f, Rekinoconf» Mtifalvt, 
Leske; Clialk. S, GaUrUes albogaleruft Leake ; 
Clialk. i4, ScntvUa utriatnla, Serr.; 01f£X>cene, 
MalU. 
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This sub-order is ditlicalt to characterise, as it includes the primitive 
Irregular Echinoids, as well as one series of these forms which has 
continued to the present day. 

Familt 1. Pyoast£ridab. Holectypina in which the peristome is 
large, and the perignathic girdle consists of disconnected processes. 
The ambulacra are simple and apetaloid. Genera — Pyga^eVj Ag. 
(Fig. XXXV. 1) ; PUe^is, Desor ; PygoitrideSy Lov^n ; Holectyptis, Desor ; 
(?) Pachyelypeiu, Desor; GaleropygtiSj Cott. Family 2. Discoidiidak. 
Holectypina in which the peristome is small and the perignatbic girdle 
tubular. Jaws unknown. Ambulacra apetaloid. Genera — DUcoidea, 
Gray ; Protocyamus^ nom. nov. Family 3. Galeritidae. Holectypina 
in which the perignathic girdle is rudimentary, jaws are absent, and 
their place taken by ten buccal plates. Genera — OalerUeSf Lamk. 
(Fig. XXXV. 3) ; Lanieria, Dune. ; AdelopneuMes, Gauth. ; (?) (7opfo- 
(^tsciu^f Cott. & Gauth. Family 4. Conoclypeidae. Holectypina in 
which the peristome is .small ; the perignathic girdle tubular and high, 
surrounded by five bourrelets. Genera — Conoclypeusj Ag. ; Oviclypeui^ 
Dames. 

Sub-Order 2. Clypeastrina. 

Gnathostomatsi in which the jaws ai-e powerful. The teeth are 
placed in pyramids, which articulate by a socket fitting on to vertical 
processes ; the jaws only move horizontally, and have neither braces nor 
compasses (p. 289). The ambulacra are petaloid. 

This sub -order includes a series of striking variations from the 
ordinary Echinoid type. Eckiiiocyamus is the most primitive form, and 
appears to have developed from an ancestor closely allied to Protocyamui. 
The great advance in Echinocyamus is the expansion of parts of the 
ambulacra into rudimentary petals (Fig. XXXVI.) ; in the upper part 
of the ambulacra the outer pores of the pore-pairs have increased to small 
slits, and occur along curved lines, enclosing somewhat leaf-shaped areas. 
Beyond these only a single pore occurs in each ambulacral plate. The 
perignathic girdle of Echinocyamus consists of five vertical pegs, riaing 
from the interradial peristomial plates ; this reminds us of ChUrittij in 
which the perignathic girdle is reduced to five interradial thiekeningB. 
The structural differences between Protocyamm and Eckinocyamu9 are 
small, and their importance is exaggerated by the different shape of the testa. 
But Echinoctfanuis wtis succeeded by a very divergent series. Most of the 
members of the group are long, broad, and low ; some are thin and flat 
In these cases the upper surface regains the support it loses owing to 
departure from the dome-shaped foim, by the developuient of pillars which 
pass from floor to roof. The ambulacra in the typical forms are petaloid, 
and the podin in these areas expand to act as branchiae (Fig. XXXVI.). In 
some cases pores only occur in the petals ; in others they are scattered over 
the test, occurring on both radial and interradial plates. In some genera, 
such as Laganuniy though the petaloid portions of the ambulacra are bra*id, 

* A &ame suggested in lieu of EchiniUs proposed by Duscau, but preoccupiud by 
Leske for Echinbids, and by Muller and Troschel for Asteroidea ; tbe nuiue is selected 
to indicate the affinity of this echinoid with the Kt-hbiocyamns series. 
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they are narrower than the aiubulacral plates in the extra-petaloid portions 
which expand laterally, and are much broader than the interambulacra. 
In the simplest members of this group the interambulacra are, however, 
'* continuous " from apical system to peristome (as in Laganum) ; but in 
the more advanced, such as Rotida^ the interambulacra are *' discontinuous,'' 
the ambulacra meeting one another and cutting off the interambulacral 
peristomial plate from its connection with the rest of the interambulacrum. 
Another feature peculiar to this sub-order is the presence of a series of 
furrows on the lower surface of the test ; these are known as the actinal 
furrows, and they are either straight, as in the Clypeastridae, or bifurcating, 
as in the Scutellidae. 

Family 1. Fibulariidab. Clypeastrina with ambulacra in rudi- 
mentary open petals. The interambulacral plates are continuous. The 
pillars are slightly developed. The perignathic girdle consists of five 




C^^^ 




Fio. XXXVI. 

Branchial podia firoin ])eta- 
loid portion of ambulacrum of 
dyfiatUr. 



1 2 

Fio. XXXVII. 

Kchi noe^mn« pusiJlHA. 1 , wmtcr 
surface showing Himple \ietk\B and 
four genital iwreK ; 2, the lower 
8ur(kce mIiowUik the anuM inter- 
mediate between the central 
mouUi and the poeterior border. 



single interradial processes. The peristomial interradial plate is large. 
Genei-a — EehinocyamWy Phelsum (Fig. XXXVII.) ; SciUdlinc^ Ag. ; Si$- 
mondia, Desor ; Fibularia, Lam. ; Tliegastery Pomel. 

Family 2. Laoanidab. Clyx>eastrina Mrith amliulacra petaioid ; 
numerous pores for prehensile podia occur in addition to the large pores 
for the respiratory podia. The interambulacral plates are ^' continuous " ; 
the peristomial plate is medium in size and bears a single perignathic 
process. The actinal furrows are simple and straight. Qenus-^IrO^num, 
Blainv. 

Family 3. Scutbllidab. Flat Clypeastrina with closed petaioid 
ambulacra. The interambulacral plates are " discontinuous " in some or 
all of the areas ; the peristomial plate is large and bears a single peri- 
gnathic process. The actinal furrows are bifurcating. Genera — Scutelkij 
Lam. (Fig. XXXV. 4) ; Eehinarachnius, Leske ; EcKinoducus, Ag. ; Encope, 
Ag.; Monophora, Ag. ; MellUaj Ag. ; MeliteUa, Dune. ; AttridypetUy Verrill ; 
Lentta, Desor ; Mortonia^ Desor ; Botula, Ag. (Fig. IX.) ; Rotuhideay 
Etheridge ; Moulingia, Ag. ; (t) Runa, Ag. The most striking feature in 
this family is the extreme thinness and flatness of the tests. In some 
species, such as ScuteUa ttriatuUi^ the test may be 100 mm. in diameter, 
and only 10 mm. in height. The upper surface accordingly needs greater 
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suppoit than it could obtain from the margin of the test ; this is given by 
numerous pillars which connect the upper and lower walls. The external 
margin is often notched, as in SciUeUa; the notches may deepen into 
" slits " separated by finger-shaped processes, as in Rotula (Fig. IX.). In 
some genera two adjacent processes unite at their free ends, and a hole 
is left through the test ; such holes are kno\vn as ** lunules," and occur in 
MeUitOf MonopkorOy etc. All the interanibulacral areas are discontinuous 
in some genera, €,g. Encope, but in Botula and Melliia one or two of the 
ai*eas may l)e continuous from peiistome to ai)ex. 

Fa^iilt 4. CLYP£AtiTRiDAK. Clypcastrina with closed petaloid 
ambulacra. The interambulacml plates ai'e discontinuous; the peri- 
stomial plate is small There ure two perignathic processes iu each 
area, and they are ambulacral in position. The actinal furrows are 
straight S lb- Family 1. Clypeastrinae. Massive Clypeastridae with 
closed petals ; usually high. Gtenera — Glypeader^ Laiii. ; Echmanthus, 
Leske ( = Diplathecanihmy Dune.) ; PlmaHthii*^ Dune ; Aummdauthvii^ 
Bell; Mmwiftychw, Laube. Suh-Family 2. Aiiachnoidinae. Flat, low 
Clypeastridae with open petaln. Genera — AracliiwidM, Ag.; Alexundria^ 
Pfetfer. These genera are usually included as a sub -family of 
Scutellidae, which they resemble in external form. Tlieir structure, 
however, allies them more nearly with the Clypeasters, with which they 
agree iu all fundamental characters. They differ from the Scutellidae 
by having (1) a very small pcristomial interanibulacral plate, which in 
some species may be absent in several areas ; (2) straight, simple, actinal 
furrows ; (3) five paiw of ambulacral perignathic processes. 



OiiDER 2. AtelostoniAta, Zittel. 

Ecliinoidea Iri^egularia, in which tliere are no jaws, teeth, perignathic 
girdle, or external branchiae. 

The Atelostouiata intixnluce three additional structures, upon which 
the classification within the order depends. These aie the sternum, 
floscelle, and fosciole. In Echinoids previously considered the mouth is 
central or sub-central, and the five areas around it are of equal import- 
ance; but as the mouth becomes eccentric in position, one interradius 
necessarily becomes longer than the rest The anus is situated in this 
interradius, which requires some modification of the plates for the sake of 
increased streugth. In the simplest of the Atelostomata the plates of the 
posterior interradius are but slightly different from those of the other areas 
but the plates are larger, and dovetail more deeply into one another. 
In CollyrUei there is a slight advance on this plan, and in genera such as 
Echinocorys and HoUuter the plates dovetail so deeply as to form a strong 
sternum along the under side of the test This type is known as the 
** meridoeternou9 " (Fig. XXXVIII. 1). In the next stage the first pair of 
plates in the interambulacrum increase in length, and both are in contact 
with the peristomial plate of the same area, as in Toxatter (Fig. XXXVIII. 2). 
This is the ^^amphistemous'' type, the extreme form of which we see in 
SpatangM purpwr^ut (Fig. XXXVIII. 4). 
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We have seen that the upper parts of the ambulacra of Clypettder, etc., 
are modified into petals. In one section of the Atelostomata there is an 
analogous expansion of the ambulacra round the peristome into " floscelles." 

VI 

in 




Fig. XXXVJII. 

The typed of BpatHiiguiU bteriia. 1, inerulustenioui) ; 3, 4, amphiKleraouM ; 2, iiiterineiliatp. 
1, KchMUicory* mnUatut ; 2, ToxLuUr licontfanus ; 3, CtisnidnluspacificuH.' 4, SixtUtnyus purpurea:?. 
M, mouth ; a, auuH. 

The peristomial interambulacral plates arc raised into projecting ridges 
known as " bourrelets " ; while the ambulacra are expanded into leaf-shaped 
areas known as ** phyllodes." The pore-pairs of the phyllodcs are much 
Lvrger than those of the rest of tlie ambulacrum. The five bourrelets 
and five phyllodes together form the floscelle, which is typical of the 
Cassidulidae. 

Among the Atelostomatii large $%pincs like those of Cularis are never 
found. The spines are very 

numeimis and generally small, ^^ 4^ 

forming a fur over the test. 
In some cases specially modi- 
fied spines occur crowded 
together along bands (Figs. 
XXXIX.-XLI.), forming **fas. 
cioles.*' There are five dif- 
ferent varieties : (1) The 
" peripetalous," which encloses 
the petaloid portions of the 
ambulacra ; (2) the '* subanul '' 
(«/in Fig. XXXVIII. 4), which 
endooes a space, or ^'plastron," below the anus ; (3) the "marginal,'' along 
the border of the test ; (4) the " internal,'' which crosses the petaloid 
portionB of the ambulacra ; and (5) the two ^ lateral," which run from 
the peripetalous to below the anus. All five kinds of fascioles never 
occur together in the same Echinoid. 




*.*'|.^W 



Fig. XXXIX. 
Simple flMciole on Agaasizia. 



320 



THE EC HI NO IDE A 



The Atelottomata inclade two main diyisions, which develop along 
•omewhat parallel lines. 




Fm. XL. 
Compound fajiciole on inrt of test of MacropneHnU*. (Afler Ai^wtiz.) 



SuB-OrDKR 1. ASTEUXATA. 

Atelostomata with the peristome central and never bilabiate ; the 
ambulacra simple, sub-petaloid, or petaloid, and generally all five are 
similar. Floscelle generally pi-esent No sternum. 

Familt 1. EcHiNONiiDAE. Asternata with narrow, apetaloid, similar 
ambulacra, and without floscelle. Qenera — Echinoneus, Van Phelsum ; 
Oaliroclypeuif Cott ; Oaleropygm, Cott. ; Hyboclypeus, Ag. ; Ii\fracl}fpeu9j 



an 



SM. 




f 10. XLl. 



Diagram of a Spatangoid Bchinoid. showing arrangeinent of the fkacioles. i, internal fkseiolt ; 
a, peripetaloiui fkteiole ; I, lateral (luoiole ; m, marginal (kaoiole ; 5.0, subanal ftwdole ; a.n, anna. 

Qauth. ; NucUopygus^ Ag. ; PUeuSy Desor ; Pachyclypeusj Desor ; Pyrina^ 
Desmoulins. 

Familt 2. Nuclxolitidae. Asternata with sub-petaloid ambulacra 
and no floscelle. Qenera — AmblypyguSf Ag. ; Anochanui, Qrube ; Anor- 
ihopyguBf Cott ; Botriopygus^ d'Orb. ; CanUomuiy Ag. ; (?) DcforvUo, Cott ; 
flatntM, Miohelin ; Ilarionaf Daines ; NtuikolUeSj Lam. (syn. SMnobriitui) ; 
OUgopodiOy Done. ; OUgopyyui^ Lor. ; PygatUui, Ag. ; Tremalepyguij d'Qrb. 
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Family 3. Cassidulidak. Asternata with closed, petaloid ambulacra 
a floscelle is present Sub-Familt 1. Cltpeiva. Qenera — C/yp^iM, Leske ; 
Clypeopygus and Faujaaia, d'Orb. ; Pieudodeiorella^ !^tallon ; Pygurostomay 
Cott & Qauth. ; Pygurus, Ag. Sub-Familt 2. Cassidulikae. Qenera — 
Audralanihuif Bittner ; BreynelUi, Qreg. ; Cassidulm, Lam. ; Eurkodia, 
Archiac & Haime ; Paralam^paSy Dune. & Slad. ; Pygorhynehus, Ag. ; 
Shynehopygus, d'Orb. ; Sttgrnaiopygus, d'Orb. S ^-Family 3. Cato- 
PTGIKAS. Qenera — CatopyguBy Ag. (Fig. XVI. 8) ; NeocatopyguSj Done. 
& Slad. ; PhylloMssus, Cott ; Paetuhcatopygus, Cott. & Qauth. ; Sh^ 
deria, Dune. Sub -Family 4. Echinolampinae. Qenera — Conolampaif 
A. A^. ; EdUnolampaUy Qray ; Heteroelypeus, Cott ; Microlampas, Cott ; 
OraUrolampa^ Cott ; Mittttia^ Dune. ; NtoUtrnpoa^ A. Ag. ; Orio^ampot, 
Munier-Chalmas ; Palaeolaimpas^ Bell ; Phylloclypetis, Lor. ; Ple$iolampa»^ 
Dnnc & Slad. ; Vologena^ Cott & Qauth. Sub- Family 5. £olam- 
PIHAE. Genera — Arehiacia, Ag. ; Astfrodomay Ag. ; daviaster^ d'Orb. ; 
Eolampca^ Dune & Slad. 

Sub-Order 2. Sternata. 

Atelostomata with the peristome eccentric anteriorly (usually bilabiate). 
No floscelle ; anterior ambulacrum different from the rest A sternum is 
present Fascioles sometimes present 

Family 1. Collyritidae. Sternata without floscelle. There is a 
rudimentary meridostemum. The anterior ambulacrum is narrower 
than the others. Apical system disjunct ; the three anterior ambulacra 
grouped together as the 'Hriyium," and the two postero- lateral am- 
bulaera as the ''bivium." There are no fascioles. Qenera — CcUyrUtt^ 
DmiUMlins ; Dysagter, Ag. (Fig. XVI. 6) ; Grasia and (?) Metaporhinui^ 
Miehelin ; PygorhytU, Pomel. Owing to the disjunct apical system, this 
family has completely lost the radial symmetry, and presents some 
remarkable resemblances to the Pourtalesiidae. It appears, however, 
probable that while the Collyritidae have descended from some primitive 
astemate form allied to Hyboclypus^ the Pourtalesiidae are degenerate 
forms of Prymnodesmian Sternata. 

Family 2. Echinooorythidae. Meridostemous, labiate Sternata, with 
an elongate apical system, and the ambulacra separated into a bivium 
and trivium. Fascioles present in some genera. Qenera — Ca/ymtie, 
Wyv. Thoma ; Cardiasterj Forbes ; Corasler, Cott ; CysUekintu^ A. Ag. 
EMnoeorySy Leske (syn. Ananchyie$^ Lam., Fig. XXXV. 2) ; Enallo 
pneuaUSf Pomel ; Eniefuuter^ Lor. ; ErUomaster, Qauth. ; Galeaster^ Seunes 
QueUariOy Qauth. ; Hagenovia, Dune. ; Hemipneuttes, Ag. ; HokuUr^ Ag. 
(sub -gen. Stemotaxisy Lamb.) ; InfulcuUr, Hagenow ; Jercnia^ Seunes 
LampcdouAer^ Cott ; Offatter^ Desor ; Oolaster, Laube ; OvuUuter, Cott 
Stegatter, Pomel ; Stenoniay Desor ; ThoUuterj Seunes ; Urechinui, A. Ag. 

Family 3. Spatakgidae. Sternata with anterior ambulacrum re- 
duced ; apical system compact ; sternum either amphistemous or merido- 
stemous. Section 1. Adbtinab. Spatangidae without fascioles. Qenera — 
Arehaeopnnutes, Qreg. ; dypeanthus, Cott ; EehinoerepU^ A. Ag. ; EnaUaOer, 
d'0rb.(Fig.XVL7); EpiaHer, dVrb.; GenieopaiaguB, A. Ajg. ; HemipatOgtu, 
Desor; Heterokmpai, Cott; liotteTf Desor ; Afoeroiler, Roem. ; (1) Uggalaster^ 

21 
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Dune. ; Pala^cbnstutj A. Ag. ; Palatopneudeiy A. Ag. ; PlatybnuuB, Grabe ; 
SpatagoeydUf A. Ag. ; Toxaster^ Ag. Section 2. Prtxvadbtivak. Spa- 




Fio. XLII. 

BHssopeU lyrijitra, Forbes, sp., showing podia in action, and peripetalous fksciole. 
(After Loven). 




Fio. XLIII. 
H§vUa8ter PhUippiit with young echinoids in the marsupia. (After Wy ville Thomson.) 

tangidae with fascioles, but no Bubanal fasciole. Genera — AhatuSy Desor ; 
Aeeste and Aeropej Wyv. Thorns. ; Agassiziaj Valentin; BrissopsiSy Ag. 
(Fig. XLII.) ; Corastery Cott ; Dipneustes, Cott. ; Faorinay Gray ; Hemi- 
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oMier^ Deaor (Fig. XLIII.) ; Homoeaster and Hypsospatagus^ Pomel ; 
IranifuUr^ Cott. & Qauth. ; Lamhertiastery Gauth. ; Linthia, Merian ; 
Moira, A. Ag. ; Moiropsis, A. Ag. ; Omtthaster^ Cott. ; Pericosmus^ 
Ag. ; PrenasteTy Deaor ; Schizaster^ Ag. Section 3. Prymnodesminae. 
Spatangidae with Bubanal fasciole. Qenera — ArgopatagtLa, A. Ag. ; 
Brissopaiagus^ Cott. ; Brismsy Leske ; Breynia, Desor ; Ctonobrisms^ A. Ag. ; 
CleisUchiniLS, Lor,', Gyclaster^ Cott; Echinocardium, Qr&j ; Eupaiagus^ Ag.; 
GauUieriOj Desor; Gibbcuter, Qauth.; Homolampds, A. Ag.; Itopneustesj 
Pomel ; Linopnemtes, A. Ag. ; Lovmia^ Ag. & Desor ; Linchophorus, 
Dames ; MacropneusteSy Ag. ; Maretioy Meoma^ and MetcUia, Gray ; Mi- 
craster, Ag. ; Naco»patangu8y A Ag. ; NeopnevMeSy Dune ; Palaeotropus, 




Fio. XLIV. 

Perititoniial region ot Spaianmts purmircns seen from inside the test (after Lov6n). I-V, the 
live aiubuiacra in which the vertical series are each marked a or b. 



Lovdn ; PygospoUangtiSy Cott. ; HhinobrismSy A. Ag. ; Sarsellay Pomel ; 
Spatangomorpha, Bohm ; SpatanguSy Leske (Figs. XLIV., XLV.) ; Stomo- 
poTUHy Cott ; Tvherouiery Peron & Gauthier. 

Family 4. Palaeostomidae. Sternata with a pentagonal, alabiate 
peristome, provided with five buccal plates ; a peripetalous fasciole. 
Qenus — Palaeostomay Lovdn {Leshioy Gray). 

Family 5. Pourtalesiidae. Sternata with apetalous, flush ambulacra. 
Peristome in a deep anterior recess. Form elongate ; flat or oral surface. 
The ambulacral plates are uniporous (Fig. XLVL). This family includes 
perhaps the three most perplexing of recent Echinoids ; but owing to the 
extreme fragility of the tests their study is difficult, and owing to their 
great variability the classification is at present unsatisfactory. The typical 
genus Pourtakiia is the subject of an elaborate memoir by Lovdn (68). It 
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has a dlBconnected apical system, the postero-Uteral interambulacra meet- 
ing across it. In this and some other respects it resembles CoUytiteg ; bat 
it has a sub-anal fasciole, and is probably to be regarded as a degeneiste 
Spatangid rather than a direct descendant of the Meeozoic CoUyritidae. 




I'lo XLV. 
The Heart UrcUJu {SycAangH$ yurimrtM). AbMtiiud uidc. 

The second genus Spatagoeydii agrees with FourlaUda in the disruption 
of the apical system, but it has no fasciole. The third genus EthmoartpU 
also has no fasciole, but the apical system is compact. 




Fig. XLVI. 
PmirtaUsia JeffreyH (Wy v. Thomson). 



We are now in a position to discuss briefly, first, the relations 
of the Echinoidea to the other clabses of Echinoderma, and 
secondly, the lines of evolution within the class itself. (Compare 
Chapter VIII. pp. 17, 33.) 
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Fic. XLVII. 

Larval fonn of IlemiasUr cavernosa^ in the endocyclic 
stage. (After Agassiz.) 



Each of the main groups of Echinoderma has been at one time 
regarded as the ancestor or nearest ally of the Echinoids, and the 
question is still highly conjectural. Embryology gives very little 
assistance. Study of the development of a young Echinothurid, 
EchinocyamtLSy or Hemiaster (Fig. XLVII.) teaches important lessons 
as to the affinities between those forms and other Echinoids. It 
shows that the young Echinothurid resembles the Diademoida, 
and that the young Hemiaster is endocyclic. But the earlier larval 
stages have been so affected 
by secondary variations 
that they give no satis- 
factory information as to 
whether the Echinoids are 
nearest to the Cystids, 
Grinoids, Holothurians, or 
Stelleroids. 

The Crinoids are so 
unlike the Echinoids in ap- 
pearance and structure, 
that we know of no form 
that appears to link the 
two classes. ' Neverthe- 
less, the Echinoidea have been regarded as descended from a 
Crinoid-like ancestor. The acquirement of a radial symmetry 
was unquestionably the most important event in the develop- 
ment of the ancestral Echinoderm ; it is easiest to explain this 
as the result of fixation, and therefore the fixed, stalked forms 
have been claimed as the ancestors of the free forms. It is further 
argued that this conclusion is supported by the occurrence on the 
abactinal side of some Echinoids and Stelleroids of a series of plates 
known as the apical system. This system includes a central plate 
surrounded by two circles of plates. The theory has been urged, 
especially by the late P. H. Carpenter and by W. P. Sladen, that 
the plates of this apical system are homologous with those of the 
calyx of the Pelmatozoa, and are to be regarded as relics from a 
period when these plates were of great functional importance. 
Unfortunately for this view, however, the calycinal or apical plates 
are either absent or unimportant in the oldest Echinoids and 
Asteroids ; and it is in later groups, such as the Saleniidae and 
Cidaridae, that the plates are developed on the supposed ancestral 
plan. Moreover, instead of Tiarechinus — in which the apical plates 
are most important — ^being ancestral, it is almost certainly an 
aberrant, and somewhat degenerate offshoot. 

The last blow to the idea of the apical plates of Echinoids 
being homologous with the calyx plates of Crinoids, has been 
given by MacBride, who, on embryological grounds, urges that 
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the abactinal poles of Asteroids and Crinoids, on which these plates 
develop, have nothing to do with one another. MacBride recognises 
the influence of fixation on the anatomy of Starfish and Echinoids, 
but maintains that such fixation was by the actinal surface in 
these two classes, whereas in Crinoids it was by the abactinal 
surface. (See, however. Chapter VIII. p. 14.) 

The question as to which of the groups of organs first acquired 
the radial character is of great importance in connection with the 
origin of the Echinoderma. The Sarasins, who made a detailed 
study of the Echinothuridae, were much impressed with the 
importance of the radial muscles, and suggested that it was the 
muscles that first became pentamerous. There are many striking 
points of resemblance between such a form as Asthenosoma and the 
Holothurians. The Sarasins therefore ridiculed the supposed Crinoid 
ancestor as a " Crinoid phantom," and derived the Echinoidea from 
the Holothurians. This argument is based on the idea that the 
primitive characters of the Echinothuridae are due to inheritance 
from the ancestral Echinoid. But it appears most probable that 
the Echinothuridae arose from the Diademoid Pedina^ or from 
some close ally of that genus. The primitive characters of the 
Echinothuridae are therefore secondarily acquired, and are not 
original. The immediate ancestor of the family lived in the 
Jurassic, and not in the Palaeozoic seas. To accept this con- 
clusion means to abandon the derivation of the Echinoids from the 
Holothurians. 

Leuckart, in 1848, separated the Echinoderma into the three 
groups of the Pelmatozoa, Echinozoa, and Scytodermata, and this 
classification is still generally used in practice. In the two latest 
arrangements of the Echinoderma, those of Bell and Haeckel, the 
Echinoids are still grouped with the Stelleroids. They undoubtedly 
agree in several important characters, the members of both classes 
having the gonads pentamerous, the oral surface kept downward, 
and power of locomotion. 

The class Stelleroidea is older than that of the Echinoidea, but 
we know of no member of the former that can be regarded as the 
ancestor of the latter. 

The evidence in favour of the origin of Echinoids from Cystids 
or allied forms is more weighty. Neumayr advocated this view 
(64, 65), and it has recently received fresh support from Haeckel 
(36 on p. 213). Neumayr included Echinocystis in the Cystidea. 
The genus is, however, here included among the Echinoids. The 
uncertainty as to its position shows that there is an approximation 
between the two classes. We are, therefore, forced to the position 
that one group ^ of primitive Pelmatozua diverged from the main 
stem and approximated to the Echinoids ; and that it was succeeded 
^ Separated in Chapter XII. as a Class — Edrioasteroidea. 
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by Echinoids so similar in structure that it is hard to draw a satis- 
factory line of separation. 

Although the ancestral Echinoid is still unknown, the main 
lines of evolution in the class are clearly recognisable. The 
Echinoids began with forms having small, sac-like bodies, and a 
mouth and anus at opposite poles; the body was muscular, 
supported by a series of angular plates, of which five pairs were 
perforated by pores. At the summit of the' test occurred the 
apertures of the alimentary, generative, and water - vascular 
systems ; and the apertures of these systems were supported and 
held in place by a series of special plates. 

At first the palaeontological record is incomplete, the plates of 
the test being thin, fragile, and loosely fitted together. Hence 
there is a gap between the Echinoid just described and its next 
known successors, in which the interradial plates are irregular, 
and the apical system of plates is absent. But as the skeleton 
thickens, fossils become more abundant and better preserved. 
We can see the increase in the number of interambulacral 
and of ambulacral plates up to forms such as Melanites, Then, 
as the plates became stouter, the flexibility of the test was 
lost; thus the advantage of having small, numerous plates was 
lost. Hence the Echinoids with more than twenty rows of plates 
disappeared, and were succeeded by a group, the main feature of 
which was the consolidation of the test. About the same time 
there appeared an offshoot from the main stem, in which the test 
was strengthened by a great development of the apical system ; 
this arrangement reached its highest development in two aberrant 
genera (Tiareehinus and Lysechinus) which lived in the Triassic 
coral lagoons of the Tyrol. The Melonitoida and Plesiocidaroida 
apparently left no issue, and all existing and post-Triassic Echinoids 
appear to have descended from the primitive genera of Cidaroida. 

From Cidaris, with its ambulacra of simple primary plates, the 
more complex types were developed by the crowding of the pore- 
pairs, and the decrease in size and increase in number of the 
spines ; hence the ambulacral plates become compound, and the 
interambulacral plates bore numerous tubercles and granules, and 
thus gave rise to the various gi^oups of Eegular Echinoidea. In 
some deep-sea forms the calcification of the external skeleton is 
imperfect; the plates are thin and the muscles strong; by the 
imbrication and isolation of the plates there is a return to some of 
the features of the flexible Palaeozoic Echinoids. 

The main departure from the type of regular Echinoids is 
due to the backward movement of the anus interfering with 
the originally quinqueradiate arrangement of the organs (Fig. 
XLYI.). The mouth passes forward, the jaws disappear, the 
ambulacral podia become specialised for respiration as well as 



328 THE ECHINOIDEA 

locomotion, the apical system of plates becomes compact, elongate, 
disjunct, or rudimentary, and a bilateral symmetry replaces the 
primitive, pentameral symmetry. At first the jaws are retained ; 
but as the body becomes bilateral, the mouth is constricted, and 
room for play of the jaws is lessened. No doubt all Echinoids get 
a proportion of nourishment from the mud and sand which they 
swallow ; but as their jaws become smaller, and they can browse 
less effectively, thtf importance of this food-supply becomes more 
important. The development of a projecting under lip below the 
mouth was an advantage to the Echinoid, by enabling it to swallow 
more food. Hence the Irregular Echinoids began with teeth and a 
central mouth — ^a type first met with in the lower Jurassic ; later 
on, in the Jurassic, came the second type, in which there are no 
jaws and the mouth is eccentric ; the former is the order Onatho- 
stomata,and the latter the order Atelostomata. The Gnathostomata 
began in the Jurassic with the genus Pfgader, which differs from 
the regular ectobranchiate Echinoids only by the anus opening 
behind the apical system ; the Pygastridae were succeeded in the 
Cretaceous by the Discoidiidae, from one genus of which, Praia- 
ci/amu8f there is an easy passage to the Fibulariidae, and thus to 
the sob-order dypeaiUina^ 

The order Ateloetomata has apparently also been derived from 
a genus allied to PyQOiUr. The jaws are lost, and the apical 
system eithe^r remains compact or becomes elongate : the former 
series possibly began with CMeropygus^ whence the rest of the 
asternate forms were derived, llie series with elongate apical 
systems began with some such genus as Hybodj/petUf wUch led the 
way to the Collyritidae and Echinocoryihidae, whence the higher 
Spatangid Echinoids descended. 
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Abaeocrinus, 16C 
aUactiiud skeletal elementis 

109 
AbcUnt, 322 
aboral circular siaiis (Oi>h.), 

266 
Abracrinnitj 166 
Abrotoeriwui, 180 
Acaeoeriniu, 166 
AeantharehoiUrt 2fil 
Aea$Ufiatter, 258 
Aoautkechinas, 809 
AcwUhoorinm, 201 
Aeanthoeifstit, 46 
acauthospheuotei 287 
AcaHthotroehutj 284 
accessory intesUne, 27 
-- plates (Ast), 246 
Ae$rUrotremiU8, 90, 92 
Ac0iU, 922 
Achfyoiiiee, 229 
ilcAfw^omntM^ 178 
AchradocyHU^ 65 
ileA)eAofiA»cnm<«, 192 
iltfrocMiorif, 807 
Aonarimuy 169 
^cfvao^tfnki, 306 
AenmrOf 278 

aotinal furrows (Ifieh.), 817 
^ skeletal elemMte, 109 
AdiiaMGryMi9y 169 
itetuwcMcumif, 280 
actinogouidia], 287 
aetiiio*]^teral spines, ^56 
Actmometra, 196 
AetifwphyvMLt 810 
AoUnopoda, 227 
aeti^ostomial ring (Ast), 

241 
AetinoEoa (Leuckart), 38 
adambulacral, 20 
— mouth, 247 
adambulaerals (Crin. ), 116 ; 

(A»t.).241; (Oph.),270 
iliMoermiif, 201 



Addajmeti»4eA, 316 
A<Utiuae, 821 
atletopueuKtic, 254 
adradii, 20 
Adnuata, 156 
Aeolopueu$lg$, 818 
Ain^, 322 
AeswcnnnSf 180 
AenocifstU, 208 
Aetkoc^aiis, 67 
A^itett, 53 
AguMOs^er, 275 
Agarieocrinna, 167 
Agaads, A., 240, 286 
Agaisii, U, 240, m, 261, 

284 
AffOMtiziaf 322 
AgtuntoeriwHg, 181 
Agelacrinoidea, 206 
Agelaennu», 207 
Agelaejfstia, 207 
Ag4adueu8^ 208 
Agrioerinus, }56 
Aldrovandus, U., 288 
yt/ceto, 196 
^2eaMn<frta, 818 
AUageerinnMt 161 
AUiania, 201 
AUoerinus, 162 
AUoegstii, 72 
AUopro9(dloennu9t ^67 
ilmMommff, 166 
AitMypn/cmteSt 818 
^mMypy^rii#, 820 
ambulacra, 2, 16 ; (Blast), 

78 ; (Bch.), 28^ 
ambttlacralia, ambulacrals 

(Crin.), 100, 116; (Ast.), 

241 ; (Ech.), 288, 296 
ambulaeral mouthy 247 
amnion (Eoh.), 16 
amoeboeytee, 22 
Amorphocy9t%$t 65 
Amf&erisUKTWUB^ 178 
AmfhiMil/»t 264 



Amphiglyplia^ 278 
AwphU^iSf 278 
Aviphipholis, 278 
amphistemous, 318 
afitfx/itMm, 278 
vlmjiAom, 169 
i4f;i^/iaramm<«, 170 
Avfjfhoracifatit, 47 
Awphoridea, 43 
ampulla, 290 
Awygdaloey^iti, 58 
anal plates (Criu.), U9; 
(Ech.), 294 

— spiracle, 95 
-. tube. 181 

— a:, 119 
Aftanchyiea, 321 
Anaptfit 284 
AnoMterias, 258 
Atumloeidarit, 814 
anchylosis, 108 
il|ii;y?t)cnViM, 177 
anectobranchiate, 804 
^Hi«oeniiti«, 189 
Ankgrvdervia, 288 
ilnoe/ianitf, 320 
.^M^mo/an^AiM, 318 
4^nQmalocriHutt 146 
AnntuUocyHis, 61 
wlnor(A({py^i«, 820 
.^n^on, 195 
iln^Aenea, 258 
AfUhenaides, 268 
Anthocystit, 62 
iln^^iuMnn'Uf, 200 
AfUhoorinuft 176 
antimeres, 19 
Aorocrinu$, 167 
^jiArofiilosfor, 261 
apical nervous system, 80 

— system (Crin.), 112 ; 
(Oph.),268; (Ech.), 286, 
294. See also ealyeinal 

Apiocnnui, 191 
ApumgtHit fax 
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AfloerinuB, 151 

Apnenmona, 226 

Apodei, 226 

Aporitft, 69 

Aporocrimis, 201 

Apostolidei, N. C, 261 

AraehniopUurua, 312 

ArOiChnocriHiUf 175 

Arachnocyttist 54 

Arachnoidea, 818 

Arbaeiii, 808 

Arbftcina, 807 

arcade -like spaces (Ast), 
248 

Archaeocidai'U, 802 

Archaeocrinus, 200 

Archaeodiadeitui, 808 

wlrcAoeojvn^fM^, 821 

Archaster, 251 

Arcfuutet-ias, 250 

ArdiegocyatU^ 73 

^rc^iiocio, 321 

ArgaaUr, 250 

ArgopataguSf 323 

Aristocrintu, 190 

Ariatocyati^, 44 

Aristotle, 218, 283 

arm (Criu.). 112; (Ast), 
241 ; (Oph.). 262. 267, 
270. iSee also brackia 

— facet, 100 

— pores, 130 
ArthrdLcaniha,, 158 
ArthraaUr^ 255 
article basal, 108 
articles brachiaux, 204 
Articnlata (Bather), 178; 

(Jaekel), 141 ; (MUler), 

138;(Mtiller), 138;(W. 

& Sp.), 139 
articulation (Crin.), 108 
Articulosa (Joek^), 141 ; 

(W. & Sp.) 140 
AscicUastella, 218 
Aacocyatia, 77 
Aapidocrinuay 201 
AapidodiadettiOf 308 
Aapidoaofna, 250 
AapidurOy 278 
Aateria, 201 
Aateriaat 201, 258 

— rubeuaj 241 
AateriatUea, 201 
Asterid plane, 21 
A^eritMf 254 
Astemata, 820 
AaUroblaatua, 80 
^«terocrintM (Lyon), 159 
~ (Miinst), 201 
Aaterocyatia, 80 
AaterodiBGua, 254 



^f^enxion, 253 
Asteroidea, 289 ; diag- 
nosed, 248 
Aatempaia (Cott), 809 

— (HA T.), 254 
AateroaUnna, 821 
il«tA«iuwoma, 811 
AatrOla, 252 
Aatridypeua, 817 
^sfriof, 202 
^<^roc0ra«, 276 
AatrochOe, 276 
il«<rocHuto, 276 
Aatrocotna, 202 
^s^romniM (Austin), 91 

— (Oonr.), 161 

— (Cumb.), 202 
AatrocyatiUa^ 209 
Aatrvdon^ 276 
Aatrogomphuat 276 
Aatroff09iiumf 258 
.4«^9Wi^, 276 
ylf/rqptfc^if, 252 
.4s<n)pAytoi», 276 
^«^rf)20O^ia, 202 
Aatroporpa, 276 
Aatropj/gay 310 
^«^ro»cA«3>ia, 276 
^tf^rotofito, 276 
Aatylocrimi8t 181 
u4toeocrt»7fnf, 146 
AteUcr%Hii8y 195 
AteUcyatiay 51 
Atdestocrimta, 179 
Atelostomata, 318 
Ati)criniiay 202 
Aulucrinua, 180 
AunciUaria, 6, 225 
Anatiiwcnuua, 188 
AnatnUanthua, 321 
axial canal, 101 

— cord, 12, 103 

— organ, 23 ; (Ech.), 291 

— sinus, 22 ; (Crin.), 103 ; 
(Ast.) 243 ; (Oph.), 266 

axillare, axillary, 114 
Ayers, H., 32 
azygos plates, 204 

Bactrocrinua, 178 
Baculocyatia, 46 
JSoeromutM, 145 
AitonomniM (Ag.), 182 

— (Troost), 202 
Balanocyatia, 77 
Barrande, J., 44, 48 
Barrandeocrinua, 166 
Barycrinua, 179 
basalia, basals (Crin.X 99, 

122 ; (Ast.), 246 ; 
(Ech.), 294 ; (Oph.), 268 



Batkyhiaater, 252 
Bathycnnua, 186 
BaihyplUea, 227 
Baiocrinus, 167 
Baueria, 806 
Baur, A., 218 
Baur's yesicles, 82 
BdeUaeotna, 254 
BeUmTtocrinua, 152 
BeUmnoqfatia, 51 
BeU, F. J., 261, 285, 326 
Belon, P., 218 
BeutJiaater, 257 
Benthodytea, 229 
BeiUhopeeten, 251 
Beyriehocrinwat 168 
bifascial articulation, 117 
Bipinnaria^ 5, 248 
biscuit spicules (HoL), 224 
blserial amis, 115 
bivinni, 11 ; (HoL), 220 ; 

(Ech.), 296 
Blainville, H. D. de, 240, 

260 
Blairocrintta, 169 
Blakiaater, 251 
Blastoidea diagnosed, 78 
Blaatoidocrinuaf 80 
Bohadsch, J. K, 218 
Boheniicocriutta, 201 
Boletia,3l3 
boss (Ech.), 287 
Bothriocidaria^ 800 
Bothriocidaroida, 300 
Botriopygtia, 820 
Botryocrirwat 179 
Bourguetici'lntia, 194 
bourrelet, 319 
brace, 289 
brachia, 3, 100, 112. See 

also arm 
brachialia, 100, 204 
Brtichiocrinua, 146 
brachiola, brachioles, 3. 41 
Brachiolaria, 6, 248 
branchiae (Ech.), 298 
branchial vesicles, 245 
Brandt, J. F., 226, 240 
Breynioy 323 
Breynius, J. P., 283 
Briarocrintia, 162 
Briaitiga, 259 
Briaingaater, 259 
Briaaopatagua, 328 
Briaacpaiat 822 
Briaauay 828 
Bronn, H. G., 40 
buccal fissures, 268 

— papillae, 264 

— shield, 264 
Buch, L. v., 40 
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Bundeiibaehia, 274 
Bursctcrinua, 180 
bursae, 26 
.bursal sUt, 264 
Bury, H., 218, 240, 261, 
285 

Oacdbocrinus, 164 
CactocrifitiSt 170 
caeca (Ast), 243 
Cai)iocrimi8, 182 
Oalaviocrimis, 192 
CalathocHnus (Hall), 170 

— (Meyer), 182 
OalceocnnitiSt 148 
Caleidocrimi8y 201 
Ox/u;, 46 

Callauxiycrintis, 190 
OcUliaster (Gray), 253 

— (Trautsch), 259 
Ccdlicnniis, 164 
CaUidenna, 253 
Callocystis, 62 
Oalocri7iu8, 202 
CeUpiocrinus, 189 
CalvasterUia, 258 
C^^ean/AocriniM, 150 
Calycaater, 255 
Calycina, 306 

calycinal system, 14 ; 

(Oph.), 268. See also 

apical 
Co^ymn^, 321 
Oalypta^er, 257 
calyx, 99 

C%t?narocnni», 77, 161 
Cainerata(W. &Sp.), 139 

— DicycUca. 198 

— MonocycUca, 159 
CampantUitea^ 202 
Osm^TtocrtMiM, 159 
canal furrow (Oph.), 262 
CaniatrocrinHSy 161 
Oapfieira, 229 
(Jarabocrintu, 172 
Garaimnua, 320 
Cardiaster, 321 
Oznfiocy^^iff, 77 
CbfduomniM, 179 
Carolicnnu8, 165 
Carpenter, P. H., 14, 44, 

91, 139, 140, 182, 325 
Carpoerinus, 166 
OarpoeyatiSf 73 
OaryocrinuSf 67 
Ckiryoeystis, 55 
OaryqphyllUes, 197 
CtoMtanocnniM, 182 
Oasndtdiu, 821 
Oowtenocrtnuf, 161 
CEufoeriniM, 148 



CaiULocHnM8, 150 
6*ato|)^i(«, 321 
Cavdina, 233 
Oaulaster, 251 
CSntocn'MiM, 182 
central blood-plexus, 23 
central plate (Oph.), 268 
ceiitrale, 135 
Cbt^fiocrinuf, 162 
Centrocrinus (Austin), 157 

— (W. &Sp.), 162 

— (Worthen), 202 
centro-dorsal, 135 
Ccntrost^hanuSf 309 
CeraiiwcriuHSf 177 
Cerhcrinus (Desor), 191 

— (White), 180 
C/uietaster, 255 
C/ieircister, 251 
Clieirocrlmis (Eichw.), 63 

— (Hall), 148 

— (Salter), 148 
Cfieiroptaster, 257 
Chdoomus, 182 

Chiaje, S. Delle, 240, 284, 
285 

chiasma (Criu. ), 114 

Okiridota, 234 

Chitonastert 253 

ChladocriMiSj 182 

Chdaster, 275 

ChMidrocidariSt 802 

Choriaater, 254 

chromatogen organ, 23 

Cidaris, 302 

adaroida, 301 

ddampais, 307 

CigarOy 48 

ciliated urns, 235 

Cionobrissjis, 823 

Uircopdtia, 307 

circuinoesophageal canal 
(A8t.), 243; (Oph.), 
265. See also Hydro- 
circus 

— nerve-ring (Grin.), 102 ; 
(Ast), 245 

cirri, 107, 133 
Cirrigrada, 260 
CUrocystia, 53 
Cladocrinua (Aust.), 189 
Cladoidea (Jaekel), 141 
Cladophiurae, 276 
Claviaater, 321 
clavulae, 31 
CUiocrinuat 191 
Cleiatechiniia, 323 
Cletnatoerinuat 156 
aidochirua, 188 
cloaca (Hoi.), 221 
Oonocrinua (Oehl), 161 



CUnwcrinua (Quenst.), 162 
close suture, 108 
Cloaterocrinua, 178 
ClypeanUiua, 321 
ClypeaaUr, 318 
Cly|)eastrina, 316 
Ctypeopygua, 321 
aypeua, 321 
Cnemidiaaierf 255 
Coadunata, 138 
Coccocriuita, 156 
Oodaater, 82, 92 
(Jodediinua, 310 
Godutcrimiat 177 
Codi€u:yatia, 73 
Codiopaiat 309 
CodoiiUea^ 84 
Oo<lonoblastida, 91 
CodoHOcrintia, 202 
CWa«/«/(Saudb.), 259 
Coeiaaterias, 255 
coeliac canal, 101 
Coeliocriuiia, 180 
Cifelocriwia (M. & W.), 
167 

— (Salter), 200 
coeloni, 7 
Coeloplmrua, 308 
collateral oi-gan, 23 
Collyrit4is, 321 
Colobocentrotiui^ 313 
Cvlochinu, 230 
CoiptMter, 259 ^ 
coluniua, 48, 99. See also 

stem 
columunlH, 105, 132 
Comarucystiay 55 
OomaaUf; 196 
CWui^t/M, 195, 196 
Comatuliiia, 202 
Coinaturella, 202 
coiiipass (Ech.), 289 
Cnwpsajfter, 255 
Cohipfntcriti uay 1 65 
Conqitonifiy 253 
CoadyhtcrinuSy 201 
connective tissue, 28 
Qmoclypeua, 316 
Cotiocrimia (d'Orb), 194 

— (Troost), 202 
Conolanipaa, 321 
convoluted organ, 136 
CopAiniM, 202 
CopiodiaciUt 316 
Copiophyma, 312 
Ooptoaojna, 310 
Ooraater, 322 
Oordylocrinuay 156 
corona (Crin.), 99 
CorotuM^, 258 
C9n)9U»ertnii«, 164 
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Corplocrinus, 67 
CorymboerinuM, 162 
Co$cinaUeria»t 258 
OomMuienai, 258 
ComiuKrinut, 179 
costalia, 141, 204 
CostaU (Mttller), 188 ; 

(jMkel), 141 
ChOaldia, 309 
ColffUeriuus, 198 
Ootylederma, 198 
OotyUdanoerinuat 159 
corering-platefl, 101. Sm 

also ambulacrals 
ChuptfdflM^, 252 
OnUerifM (Barr.), 46 
OaterotomjNM, 321 
Ormnacrimu, 148 
OrenoBUr (Perr.), 251 
Cri6re2fo, 258 
Oribrdlites (Tate), 259 
eribriform organs, 251 
OrinocyMtis, 77 
Crinoldea, diagnosed, 94 ; 

(Jaekel), 141 ; (MttUer), 

188 ; (Roemer), 88 
— brachUU, 94, 188 
OromyoeriniUf 181 
Cfroimuter, 256 
Orotaloerimu, 176 
erown, 99 

Cfrumenaeerinust 202 
Oryptaster, 257 
Or^ftoblattut, 89, 92 
Oryptoerinus, 69 
CrjiUodiaaiM, 164 
Cryptoaehiama, 84, 92 
CiTptozonia, 254 
Of^ttalloeystig, 53 
Ctenaater, 256 
Ctenocriwua^ 161 
Ctenodiaeus, 251 
CfMcvmaria, 280 
Cnenot, L., 38, 218, 240, 

261, 294 
OMfeito, 264 
OWteomniw, 156 
OupeUaecrinua, 156 
G^jwissioertniM, 177 
Oi^utotf^er, 259 
OuptUocrintia, 202 
Cuvier, G., 1, 218, 226 
Cuvieriau organs, 223 
Cyaihidium, 198 
Cyathocrinacea, 171 
Cyathocrinidae (W. & Sp.), 

171 
Cyathocrinoidea, 172 
CyiUhocrinua, 178 
(>a<fto<ys<ii^ 208 
0^«Mm, 264 



Oyelader, 828 
OVefo0rnifM(d'Orb.), 192 

— (Eldiw.), 77 
Oyefoeysloufei, 210 
Cylieoarmua (S. A. Mill.), 

166 
Cyi0OoriiM» (MliUer), 156 
CypeUoerinns (Shum.), 

166 

— (SteiB.), 177 
Cfyphoerinua, 199 
€fyp^08ama, 310 
Oypreaaoerinuaf 202 
Ci^uloerinMS, 188 
Cyfiocrinua, 197 
Oyataater, 207 
Cystasteroidea, 205 
CyaUehinua^ 821 
Cystidea, diagnoeed, 89 
Cys<ttf0s(Bter.),77 
C^stoMasiMs, 64 
Oyatocidavoida, 800 
(Vi<oen»«M, 202 
CytoerinuBy 161 

Dadyloerinua (Quensl), 
189 

— (Slad.), 180 
Daetyloeywtia, 74 
Dadoerin%$, 182 
/>a«mo»omnfM, 202 
Deeacmmnoa, 202 
DeooKiMtyfaerMMiJ^ 202 
Deeadoerinua, 180 
Deeameroa, 202 
Z>et»)ia, 229 

deeper oral uer.vous syitom, 

30 
Ddoerinua, 180 
/>«aamniM, 148 
deltoidea, 100. See also 

oralia 
demi-plates, 288 
Demoerinua, 194 
Dendrocrinacea, 171 
Deiuiroennaidea, 178 
DendrocrimUf 179 

— eamdrienm, 146 
Dendroeyatia, 47 

denUl papillae (Oph.), 272 
Derbes, A., 285 
dermal branchiae, 245 
Dennaateriaay 254 
desmactinic, 287 
Deamidocrinua, 166 
Desor, E., 284 
DeaoreUa, 820 
DeutocyaHa, 46 
Diabolocriwua, 200 
Duuieino, 809 
Diademina, 808 



Diademoida, 806 
JHadmnqptis, 809 
DuiinenocrtiiM, 200 
dibraobialia, 204 
DiehoerinMa, 159 
diehotomy of anns, 112 
dicostalia, 204 
Dietyaaier, 15S 
Dietyoerinua^ 77 
DUtyoplmrua, 312 
dioyclic, 99, 110 
DieycUea, diagnosed, 171 

— Camerata, 198 

— luadunaU, 171 
JHnttroorinua (Paeht), 190 

— (PhilL), 198 
Dimorpkicriuua, 84, 202 
lHmocy$Ha,^M 
Dipiaatmriiu, %6% 

J>Moeuiaria, 90i 
Diplopodia, 309 
diploporss, 41 
Diploporita, 70 
IHpioiaiffmm, 809 
DtplothaeaaUkHa, 91% 
DipneuaUB, 822 
IHpaaeaater, 252 
JHaaatentMt ^^ 
disa (Ast), 2; (Cria.), 

99 ; (Oph.), 268 
lHaeocidairia,90l2 
DiaeoeyaiiB, 208 
Diaeoidta, 816 
distal (Grin.), 109 
distichalia, 204 
Distincto, 178 
Dizyyocrinua, 168 
DoUUocnniu, 164 
DoHekocrinua, 197 
Dolioloerinua, 202 
DoMocionfitii, 202 
Dorigona, 253 
Doroddaria, 802 
dorsal canal, 101 

— cup, 99 

— fossa, 116 

— organ, 28 

— shield, 262 
dorso-central, 14, 106 
Doryerinua, 167 
Dujardin, F., 40, 260, 284 
Duncan, P. M., 284, 299, 

306 
Duvemoy, G. L., 240 
Dyaaater, 321 
DyUtaUr, 251 

JSehinanthua, 318 
JBehinamehnima, 817 
MekinaaUr, 258 
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EchinastereUOf 257 
Echinid plane, 21 
£chinina, 311 
Echinites (Duncan), 316 
£chinobri88uSf 320 
£chinocardium, 323 
Echinochrome, 23 
Echinocidaris (Dane.), 308 
EchifiocorySy 321 
£chinocrepia, 324 
JEchtTiocrinus {h. Ag.), 202 
Echinociteumis, 230 
EchinocyamiLS, 317 
JSchinocypkus, 312 
EchinocyHia (Hall), 70 

— (W. Thorns.), 301 
Echinodenna, diagnosed, 34 
Echinodiadema^ 309 
Eehinodiacua (Ag.), 317 

— (Worth. & Mill.), 208 
^At7ioenmnu«, 60 
Echinoidea, 282 

— diagnosed, 299 
£eh%nolampa8i 321 
.fiicAtnoiiM^ra, 313 
Echi7wn;Su8^ 320 
EchinopedifM, 310 
Eckincpsia, 308 
Echinosphaera, 68 
EchinostrephtUf 313 
Echinothrix, 310 
EchinothuriOy 311 
Echinozoa, 33 
Echinus, 313 

— esculentua, 285 
^^enomnt^tf, 146 
Ectpbranchiata, 306 
ectoderm, 30 
Edrioaster, 209 
Edrioasteroidea, diagnosed, 

205 
Edrioerinus, 191 
Edriocystis, 209 
EdtoardsocrinuSf 157 
EloMbcrinus, 88 
Elasipoda, 226 
Eleutherocrinusy 87, 92 
Eleutherozoa, 33 

— diagnosed, 217 
Elpidia, 229 
Emperocrinus, 202 
EnaUaster, 321 
Enallocrintis, 176 
EnaUopneustes, 321 
Encope, 317 
Encrifws, 202 
Encrintia, 181 
Endobrancbiata, 300 
endocyclic (Ech.), 294 

— gut (Crin.), 136 
endothecal food-grooves, 41 



EnichasUr, 321 
EnneacystiSf 67 
JKnoptofo, 51 
J^ntonuuter, 321 
Entrochus, 202 
Enypniaatea, 229 
Eoeyttis, 48 
Eodiadema, 308 
Eolampaa, 321 
Eoluidia, 275 
Eospondylus, 275 
Epactocrimia, 177 
Epiaster, 321 
epineural canal, 15, 30 ; 

(Oph.), 266 
epipodium, 288 
epithecal food-grooves, 41 
epizygal, 108, 117 
Eretmoerinuat 167 
Erinocyatia, 60 
Eriaocrinua, 181 
Etheridge, R. ill., 91, 139 
ethmolysian, 295 
ethmophract, 295 
Euasteroidea, 249 
Eublastoidea, 81 
EtuxUyptocrinua, 164 
Euchirocrinua, 148 
Eudadia, 275 
EucladocrintUf 158 
Eucrinoidea, 139 
Eucrinua, 199 
Eucystia, 72 
Eudeaicrinua, 198 
Eudiocrinua, 195 
Euechinoidea, 299 
EugaateTf 274 
EugeniacrinvSj 197 
Eupachycrinua, 181 
EupcUag^ia, 323 
EuphronideSf 227 
Eupyrgus, 233 
Eurhodia, 321 
EuryaU (Konig.), 154 

— (Lam.), 276 
Euryalecnnua, 189 
Euryocrinua, 190 
Eurypneuateaj 313 
Ettspirocrinua, 173 
Eutrochocrinua^ 167 
Evechinua, 313 
exocyclic (Ech.), 294 

— gut (Crin.), 136 
ezothecal processes, 41 
external gills, 26 
.£^ramntt«, 182 

eye, 32, 245 

Fabricius, 0., 218 
Fomno, 322 
fasciole, 319 

22 



Faujaaia, 821 
FerdinOf 255 
Fibularia, 817 
fimbriated channels (Oph.), 

251 
finials, 115 
FUtnlaU (Jaekel), 141 ; 

(W. & Sp.) 189 
Fistulides, 218 
fixed brachials, 112 
Flabellocrinua, 182 
Flexaater, 257 
Flexibilia, 140, 187 
floscelle, 319 
Forbes, £., 260 
^or&MiomniM (Ang.), 189 
~ (de Eon.), 189 

— Agaaaizi, 190 
forcipiform pedicellariae, 

247 
forficiform pedicellariae, 

247 
food-groove, 100 
FreyeOa, 259 
iVomio, 255 
Fungocyatia, 74 
Furcaater, 275 

Oagaria, 310 
Oaleaater, 321 
QaleriUa, 316 
Oaleroclypeuat 820 
OaUrcpygtu, 316 
(?ammaracn>MM^ 197 
Chineria, 254 
Oanyineda^ 203 
Oaaterocoma, 177 
Oaatraater, 258 
G^otf^romniM^ 179 
Gaudry, A., 240 
Gaurocrinua, 203 
OatUhieriOf 810 
OazacrinuSt 188 
Oeniccpatagua, 321 
genital nerve ring, 266 

— organs, 24 

— plate, 264 

— rachis, 101 

— ring (Ech.), 291 

— scale, 264 

— stolon, 23 

genitals (Ech.), 286, 294 
(7ennaeacrtniM, 169 
Oeocotna (Fraas), 195 

— (d'Orb.), 278 
OeocrintUj 168 
Oibbasier, 323 
ChUbertaocriniia, 201 
Oiasocrinua, 175 
glandular organ, 23 

— pedicellariae, 31 
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Olaphymcytiit, 60 
OUnotrcMiUs, 203 
Olyphoqfpkus, 312 
alyyUuUr^ 198 
iilypUchinuM, 313 
lilyptieu»^ 307 
OlyptoeritiUM^ 161 
Glyptocyttidac, 58 
Glfn^toeygtu, 64 
Olypto^phaera, 73 
0jiaM4U<0r, 253 
Chiothoerinus, 203 
Guithostmiuita, 315 
gnathostomftte, 304 
Onorimoerinus, 189 
Ocl4fu$na (NomunX 203 
OcmphoeystiSf 77 
gonadi, 25 
OoniatUr, 253 
&<mttuten(miomAHi^ 201 
Oomaddaris, 302 
Oomioerinus, 179 
Ooniodisau, 258 
Cfmuodon, 253 
G'lmfqpecten, 251 
^MMt^^Aonu, 306 
(^mM^meiMfef, 313 
Ooniopygus, 307 
OonocrinuSf 60 
Oorgojioeephalus, 276 
Oothocrinus, 179 
C'roiiimeeAtniM^ 313 
Omiwiu>er»n««, 203 
Gnmatoblastida, 92 
6'fn}iato0nm«j^ 90 
Oraphiocrinus, 180 
Oratia, 321 
Gray, J. E., 240, 260 
Gregory, J. W., 261, 310 
Grube, A. E., 226 
Gualtieri, N., 284 
OtiaUieria, 323 
GueUardicrinuSy 192 
Ouettaria, 321 
gut, 136 

Gyllenhal, J. A., 53 
Oymruuteriaf 254 
Oymttobrisinga, 259 
G^nomnitf, 197 
O^notfuu^cmo, 308 

Aa6n>0r»»Kj^ 166 
^(MffoeriniM, 164 
Haeckel, E., 40, 43, 48, 

49, 52, 826 
hMmal strands, 23 
Ad^en^via, 321 
Hainua, 820 
ffaUieystia, 61 
Haloerintu, 177 
Jfalophmiic, 203 



I HalysiocriHus, 148 

, O^ 218, 240, 261 



HapaloerinuM, 156 
Haplocriniu, 151 
Il^gfloeytiu, 20S 
Ifaplodactyla, 233 
haploporea, 41 
Harmoerinus, 162 
hetrt,23 

HdianthaaUr, 258 
Udiaster, 258 
Hdikodiadema, 309 
ffdiocrinus, 55 
Hdiocyttis, 55 
ffdmintholUhMS, 203 
tf em«asler, 322 
ffemiddaris, 307 
iTaRioofMt^ 66 
HemierinuSf 197 
ffemitystiSf 207 
ffemiatryale, 276 
Hemis^ypha, 278 
ffemipcUagui, 321 
Hemipedina, 309 
HemipKUu, 278 
ireint>N«itftei^ 321 
Henrida, 258 
Hteoard, R, 218 
HerpetoerinuM, 146 
/Ter^Ao, 203 
HderoUaduB, 90, 92 
ffdenxentrotut, 313 
HderocidariSy 309 
ffeterodypeus, 321 
HderocrinuSt 146 
Heterocystis, 67 
HeUrodiadeinoj 309 
HeUrolampas, 321 
Hderotalenia, 306 
heterotomy, 112 
HexdcrintUj 158 
Ilexadis, 240 
Hexal4icysti8t 66 
Hibemula, 195 
Hippasteriasy 253 
Ilippanogy 313 
Hoffmann, C. E., 285 
Ilolaster, 321 
Holectypina, 315 
UoUctypuSy 316 
Holoerinus, 182 
HohcystiSy 47 
'"HolocystUes," 72 
HolopneusUa, 318 
Hol^us, 197 
Holothuria, 227 
—forskali, 220 
Holothurian plane, 20 
Holothurioidea, diagnosed, 

218 
ffamaloerinus, 189 



JIoMocrtHMx, 179 

HoMiKystit, 64 
I ffomoeaster, 323 
i ffmttvlampoSf 323 
I ffnpftuter, 253 
' HoplocnHus, 145 

Hnpe, IL, 40, 284 

Huxley, T. H^ 33 

ffybeekmus, 813 

^yfcw/ypeiu, 320 

^yifioermica, 145 

Hyboeyttis, 95, 145 

HydnuieriaB, 258 

ffydreioMoeriHtUy 180 

ffydrioerinHSy 180 

hydrocircna, 12, 102 

hydrocoel, 7 

hydrophores palmees, 44, 
46,73 

bydropore, 8, 103 

hydrospire plates, 86 

liydrospires, 83 

^yuMiiasfer, 257 

HymaudtMou, 259 

UyoerinuMy 153 

^ypauMMraiiifj^ 164 

Hyperoerinuty 168 

Myphalatitry 251 

HypocrinuM, 178 

ffyponome, 77, 195 

bypostereom, 45 

Hypostoma, 260 

liypotbecal, 2 

hypozygal, 108, 117 

ffypsosptUaffus, 323 

Jfyptioerinus, 199 

Jfystricrinus, 158 

Ichthyoerinus, 188 
Icatuuter, 253 
Icatidactyloerinus, 203 
Idioerinus, 188 
ilariona, 320 
Ilycrimi8y 186 
llyodaeman, 229 
imperforate articulation, 

108 
Impinnata, 187 ; (of P. H. 

C), 140 
Inaduuata dicyclica, 171 

— monocyclica, 144 

— (W. & 8p.), 139 
Inarticulata, 138 
JndianocrinuSj 145 
inferradial, 112 
infrabasalia, infrabasals 

(Cri9.)> 99,122; (AstX 

246 : (Oph.), 268 
Ifkfradypeus, 320 
infra-nurginals, 246 
In/uIasUr, 321 
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interambulacra (Ech.), 286 
interambulacrals (Crin. ), 

109, 124 ; (Ast.), 241 ; 

(Ech.), 29(J 
interarticular substance, 28 
interazillaries, 109, 204 
interbrachial areas, 246 
interbrachials, 109, 118, 204 
intercellular substance, 28 
intermarginals, 246 
intemodals, 107 
interpinnulars, 118 
interradii, 20 
intersecundibrachs, 118 
focrinus, 145 
Iraniaater, 328 
L-pa, 229 

Irregulares (Blastoidea), 91 
Irregularia (Crin.), 139 ; 

(Ech.), 815 
/«wfcr(Verr.), 251 

— (Desor.), 321 
/m, 182 
Isocrinus (Meyer), 18- 

— (Phill.), 189 
Isopnetistes, 323 
isotomy, 112 

Jackson, R. T., 299, 302 
Jaeger, G. F., 226 
Jaekel, 0., 114, 116, 141, 

154, 171. 300 
jaw (Oph.), 263 

— plate, 264 
Jeroniaf 321 
Juglandocrinus, 67 

KaUispimgiaf 203 
kidney, 23 
klasma-plates, 297 
Klein, J. T., 283 
Kdffo, 229 
Koninchocidari8t 302 
KoninckocrinxiSt 203 
Koi-ethraster, 256 
Kowalevsky, A., 218 
Krohn, A., 240, 261, 284 

Ldbidicuier, 259 
LabidodeinaSt 227 
lacunar plexus, 102 

— system, 26 
Laetmogcnet 229 
Laganum, 317 
LageniocrinitSt 152 
Lahuseniocrinus, 200 
Lamarck, J. P. B., 226, 

240, 260, 284 
Lambertiaster, 323 
Lampadasterf 821 
LampterocrimiSf 199 



lancet-plate, 82 
Lauieriaf 316 
Lankester, £. Ray, 33 
LapiUocystis, 46 
Lapworthura^ 275 
Larvata, 141 
Larviformia, 139 
Lasiaster, 254 
lateral arm-plates, 270 
Laitbeocriniuft 170 
Lebruncuter, 254 
Lecanocriniia, 188 
L&cytkiocrimUy 177 
Lecythocrinus^ 175 
Leiaster, 255 
LeiocyphitSf 312 
Lewpedina^ 313 
Leiosoma^ 310 
Lenifa^ 317 
Z»e doci'lnuSy 61 
Lepadocystis, 61 
Lepidiisiert 255 
LepidestlieSt 305 
LepUioccntntSy 301 
L^idocidariSf 302 
Lepidodiscus, 208 
LepidopleuruSf 312 
LepocriniteSf 61 
LeptasteTf 253 
Leptasterias, 258 
Leptocidarist 307 
Leptocrinust 166 
Tjeptoq/stiSf 204 
Leptogonaster^ 253 
Leptoptychaster, 252 
leptostroterate, 254 
Leske, N. G., 284 
Le«A;»a, 323 

Leuckart, R., 2, 33, 326 
LeucopJdhalimtSy 53 
LicAeru>mnu5, 133 
LichenocystiSf 56 
Lichenoides, 56 
ligament tissue, 28 
ligamentar fossae, 116 
Linchophorm, 323 
Linck, J. H., 239, 260 
Litickia, 255 
Linnaeus, C, 53, 240, 260, 

284 
LinopiuusteSf 323 
LiiUhia, 323 
LUhocrinus, 189 
Ljungman, A., 260 
LobocrinuSf 168 
Lobolithxis, 77, 136, 161 
LodaneUot 46 
Lonchotcuter, 251 
loose suture, 108 
Lophaster, 256 
LophocHmvSy 179 



Lorioiaster, 257 

LoTcn, S., 14, 32, 285 

Loven's plane, 21 

Lovenia, 323 

Lndwig, H.. 218, 226, 240, 

261 
Luidia, 252 
Ltiidiastert 251 
lunules, 293 
Lyman, T., 261 
lymph gills, 245 

— gland, 28, 27 
Lyriocrinus, 200 
lysactinic, 237 
LysechiwiSf 305 
Lysocystis, 70 
Lysophiurac, 274 
Lylccster, 258 

M plane, 20 
Macarocrinus, 166 
MacBride, E. W., 13, 14, 

240, 261, 285, 325 
Mackintosh, H. W., 285 
Afcuirasterf 321 
MacrocrinuSf 168 
Macrocystelln, 56 
Macrop^ienstes, 323 
Macrostylncriniis, 162 
madreporic gland, 23 
madreporite, 11 ; (Ast.), 

241 ; (Ech.), 286. See 

also hydropore 
Magiuma, 309 
main-axil, 114 
MaXocystisy 58 
niamelon, 287 
Mamnuiderf 255 
.l/a^Wirt, 323 
marginals, 241, 246 
Marginaster, 254 
Mariacrinus, 161 
MarsipasteTt 257 
MarsipocrinuSf 156 
Marsupiocrimcs (Blainv.), 

185 

— (Hall), 200 

— (Phill.), 156 
AfarsupiteSf 185 
marsupium, 256 
Maatigocrinv^y 179 
Alayraster, 257 
Meckel, J. F., 240 
Mediaster^ 253 
Meduaacrinus, 203 
MeduaasteTy 259 
Meekocyatia^ 61 
Megacyatisy 47 
Megaktatevt 321 
MegiatocHnua^ 168 
MelUeUa, 317 



y¥> 



ISDEX 



MdlUa, 9\7 

MercerinMS, 178 
MetereSf 227 
M€$MftMiM», M), 92 
Me$oennv$, IM 

MetoikuHOf 227 
Mitpttia, Zn 
MtapHocriivM (de Koii.)i 

188 
^ (Qo«fMt), 192 
MupUoeyttU, 77 
MetabUutui, 87, 92 
Metaerinui, 183 
j|/eto/«i, 828 
MeUiporhinns, 821 
MetopaHer, 268 
Meirodvra, 256 
MatMholkoir, E., 218, 286 
MierasUr, 828 
MicracHnut, 208 
Microcyphuit 818 
Microdiadema^ 809 
Microlatnpatf 821 
Miertfpediiia, 810 
Micropocrinui, 198 
Microptina, 818 
MientptiSf 810 
Micwpyga^ 809 
miliary grMiules, 287 
MilUr.-J. H., 97, 188 
Miller, B. A., 47, 260 
MilimcrintiSf 191 
ift//f^i^, 821 
Mimoiter, 268 
Mimoeyiiiif 66 
Mioipondytua^ 276 
Ai%»«ouricr%ntUt 153 
MiUUfthaattr, 263 
JI/i'Mrorfia, 268 
Mara$ter, 268 
^ft'tromniM, 203 
Mitrocy^iM, 60 
A^oitxi, 828 
Jl/otfoftif^ 823 
M<>fpiuiia, 288 
JI/oiuu(^, 260 
monocyclic, 99, 110 
MoiiQc>'clic«» di«gttoscd. 

144 

— CMiMnmU, 159 

— tiifid«in«U, 144 
Jlfofi^oni^ 817 
M<m<>ttycki^ 818 



. Meirtmmm^ 217 

Mmlingim, 817 
I OMMtb'fnmie. 283 
! rnoath papillae, 241 
I MwJUrut, 227 

Malkr, Joh., 40, 138, 218, 
240, 2tfl0, 261, 285 

mrnaeie fibres, 27 

mniiclc fields, 282 

'toMe, 116 

Myeoerintu, 150 

Mydcdaaylut, 146 

ifyrMCrocAMJ, 284 

MyHUloerinMt, 177 

MyxtuUr, 257 

yiacotpaianffKS, 323 
NanoeriuHSt 177 
yareisHa, 255 
Kaido, J. D^ 240 
Nardoa, 255 
Neetria, 258 
NematoerinuMf 150 
NeoeaiopyguB^ 821 
Neocrinoides, 189 
NeoerinuB, 182 
Neoeystit, 77 
Keclampai^ 321 
Ntomorphatter^ 265 
NeoplaXf 276 
NeopneusteSf 823 
Nepantkia, 254 
Neumayr, M., 44, 48, 49, 

826 
NevUni, A^ 310 
Nidoreilia, 264 
NipUrocrinus^ 188 
nodals, 107 
A'tM^0omni(«, 88, 92 
yueUolitet, 320 
iVueUopyffuSt 320 
Nymphaatett 263 

oculars, 286, 294 
Otimio, 269 
Odantaster, 258 
odontophore (Alt), 247 
Offaaier, 321 
(^MUfor, 258 
(Miocn'MiM, 146 
Oken, L., 226 
Oligtipodia, 320 
Ofiffcporua, 804 
Oliffopyyua, 820 
(VtivNifos, 88 
(X/omMMS, 201 
(>NC(vnNK«, 187 
0N<t>Y)pA4iiito, 229 
OttycAos^, 276 
(MycAoeniiN^, 190 



;Oo£cjte%321 
I Opcdli'ji«t» 312 

C^Moni^iU, 278 
|6^Mc^278 
;(>pAMnKil»fl; 277 

(^MiTlAnm, 273 

OjiAMlwiCcr, 255 

/^&iffmj;278 

C^AmUomm, 278 

C^pAu)6|rrm, 276 

Q>>iwiiiiai, 278 

C^i*«K«ii/ncj; 278 

C^AUeweTOtiff, 278 

OphiotkUom, 278 

C^iAibeftinufnu, 276 

C^nftuwMm, 278 

C^RiUbeiicMii^ 278 

C^»Aioa»u&, 278 

OpA*«»eta,277 

(^tbeomo, 278 

Ophioeanis, 277 

Ophiocreas, 276 

C^AioemM, 276 

C^tioen'nitf (Aug.), 179 

— (Charlesw.), 146 

— (Salter), 201 

— (Semper), 195 
QpAuN^«n, 278 
Ophiocymbiumi 278 
Ophtoderma^ 277 
C^io^tfTon, 276 
^ioglypha, 278 
Ophiogtma, 277 
OphioffymnOf 278 
C^htohdua, 276 
Ophiolebea, 278 
Ophiolqaia (Lyman), 278 

— (M. & T.), 278 
QpAtbinar^iM, 278 
Ophiomaatix^ 278 
(^hioincusaf 278 
Ophiomitra, 278 
C^A»09Aiw»i/t/i, 278 
Ophumycea^ 276 
Ophiotnyxoj 276 
(^um<m4i, 278 
Oj^ionephthya, 278 
(^ioiMrni^ 278 
(^9hwp€iqfalef 278 
C^u^pcye, 275 
(^iqp^278 
C^tb/MM, 277 
OpikitpMi*, 278 
G^iofiiftnivoiivj, 278 
C{piU(9ii^2;«Mi, 278 
(;(p*«ii<«^ 277 
C^pUt^rf mMm, 278 
C^pAM^rfoncs, 278 

(^u9Maa,278 
ti^ 1:9^^1^278 
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OphiopUiron, 278 
OpkioffVkB, 278 
Ophiopyrtn^ 277 
OphiofurquBy 211 
(^hioaciasma, 276 
^fiMstigma, 278 
C!p&iotofcm, 276 
OpkiothamnuBt 278 
C^io<Ae2a, 278 
(^hiothUia, 276 
OiiAto^nx, 278 
(^hifitrtma, 278 
Ophiotrocktu^ 278 
C^Aionmo, 278 
C^iura, 278 
' eiliaris, 262 
Ophiwrdia, 278 
C^Aiurtno, 276 
Ophiuroidea, 259 

— diagnosed, 278 
oral aDgle (Ast.), 246 
pUtea (Oph.), 268 

— nerve-ring, 102 

— nerroua system, 30 
~ papillae, 264 

~ ridge (Blast), 82 

— skeleton (Ast.), 241 
orals, 124. See also del- 
toids 

OrbiirtmiUB, 90, 92 
Orcula, 230 
Oreatter, 254 

orientation of crinoid, 110 
Oriolampaa, 321 
OmiOuuter, 323 
oro-centnd, 14 
OrocyitiSt 54 
OropfioerinuSf 84, 92 
Orthechinus, 810 
Orthoeidaris, 302 
OrthocTxnua, 198 
OrthoUphua, 312 
Orthopaia, 308 
oscular orifice, 256 
otocysts, 32 
(Mtoi0amntt«, 178 
outer side-plates (Blast), 84 
Optc^ypetM, 316 
ovoid gland, 23. See also 

axial organ 
Ovuiaater, 321 

Paehyantedon, 203 
PackydypeuSy 316 
Pachycrimu, 203 
Paehylocrintu, 180 
Pachyoerinua, 203 
Padopaiidea, 227 
Palaeaater, 250 
Palaeaaterina, 250 
Palaeasteroidea, 249 



Palaeechinasteridae, 250 
Palaeechlnoidea, 299 
Palaaichinua, 804 
Palaeobriaauay 822 
Pkitoeoeoma, 254 
Palaeocrinoidea, 139 
Palaeoerinua, 172 
Palaeocyatia^ 54 
Palaeodiaeua, 301 
Palaeolampa8f 321 
Palaeonearia, 250 
Palaecphiura, 274 
PcUaecpneuateat 322 
Palaeoatella, 250 
Palaeoatomot 323 
Palaeotrqpua, 323 
Palaateriaetia, 257 
Palaatropeden, 275 
Pallas, P. S., 218 
Pcdnvacyatia^ 73 
palmaria, 204 
Palmipea, 254 
palps (Ast), 245 
Pannycliia, 229 
papulae, 26, 245, 248 
parabasalia, 99 
Paractinopoila, 234 
Panufoa^fcAinutf, 312 
ParagonasteTi 253 
Paralampaat 321 
pararadials, 150 
PararchaateTt 251 
Poriua^ia, 313 
Pardpidia, 229 
parietal canal, 9 
Pariaoerinua, 173 
Paaeeolua, 11 
Patdlioerinua, 162 
patina, 112 
Patiria, 254 
PauZio, 254 
paxillae, 247 
Pectinaater, 251 
pectinirhombs, 43, 58 
Pectinwra, 278 
Pedatae, 226 
pedicellariae, 31 ; (Ast), 

247 ; (Ech.), 287 
Pedicdlaatert 258 
Pedinoj 309 
Pedinopaia, 313 
PedinothnriOf 310 
Pelagothuria, 230 
PetonecAtni», 310 
pellions, 289 
Pelmatosoa, 33 
~ diagnoseid, 38 
Pelmatozoic ancestor, 9 
PeUaates, 306 
Petuitdocrintia, 148 
Peniagone, 229 



Pentaceropaia^ 254 
PerUaeeroa, 254 
Pentacrinua, 182 
Pentactaxi, 12 
Pentactula, 18 
Pentadia, 181 
Pentaganaater, 253 
Pantagonitea, 203 
pentameres, 99 
PenUphyllum, 90, 93 
PerUronitea, 86, 92 
PetUremUidea, 85, 92 
perforate articulation, 109, 

116 
Peribolaater, 256 
Pericoamua, 323 
PeriechoerintUt 168 
Periglyptocrimiay 161 
perignathic girdle, 289, 

297 
(leri-intestinal cavity, 103 
perioesophageal sinus, 22 
periproct, 286 
PeriachodomtLa, 302 

— magnua, 203 
perisoma, 241 
})eristorae (Crin.), 97 ; 

(Ech.), 285 
peristomial plates (Oph.), 

264 
Perknaater, 258 
Peronia^ 308 
perradii, 19 

Perrier, E., 241, 259, 285 
Peraephonaater, 251 
Petalocriniu, 175 
Petinoerinua, 203 
Petmater, 250 
Phaenoachiama, 84, 92 
Phaneraatert 253 
Phanerozonia, 249 
Phanogenia, 196 
Pharia, 255 
pharyngeal vesicles, 27 
Phialocrinua (Eichw.), 203 

— (Trautsch.), 181 
PhUlipaocrinua^ 170 
PhUocnnua, 180 
Phimocrinua, 152 
Phoenicocrinuaf 166 
Pholidaater, 255 
Pholidocidaria, 305 
Phormoaomoj 311 
Phoxaater, 252 
Phyllobriaaua, 821 
PhyUodypeua, 821 
PhyUocrinua, 197 
phyllode, 819 
Phyllopharua, 230 
Phymechinua, 309 
Pkytetocrintia, 170 
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Phjftocrinus, 195 
Pictet, F. J., 40 
Pictetierinus, 182 
Pileus, 316, 820 
PUocystU, 46 
Pinnata (P. H. Carp.), 140 ; 

(Bather), 191 
pinnulae, 113 
Pionocrinva^ 166 
Pirocystis, 47 
PisocrinuSf 149 
Placocystis, 51 
PlacodiademOf 309 
plastidogen organ, 23 
PlatasUriagj 252 
Platybrissus, 822 
PlcUycercu, 157 
Platycriniis, 157 
PkUyqfstis, 51 
Platysphaerites, 203 
Plectaster, 258 
PlesianthuSf 318 
Plesiocidaroida, 305 
Plesiolampas, 321 
PleHrechiniiSt 312 
PletirocrinuSf 157 
Pleurocystia, 64 
Pleurodiadema, 309 
plexiform gland, 23 
PliceUocrinuSi 153 
Pliny, 218 
Plistophynu^ 309 
Plumaster, 259 
P/«<<«w, 6, 16 ; (Oph.),273 
Plut07ia8ter, 251 
Pneumophora, 226 
Pod/i3terias, 258 
podia, 1, 2; (Ast.), 243; 

(Ech.), 291 
PodocidariSj 808 
Polian vesicles, 27 ; (Ast. ), 

243 ; (Ech.), 291 
Polyasterias, 258 
Polycems, 182 
Polycidaris, 302 
polycyclic spine, 287 
Polycypfiusy 310 
Polypeltes, 162 
PolypholiSy 278 
PoiiuztocrinuSf 191 
Pomel, A., 284 
Ponwcystisy 72 
Pomonitest 72 
PomospJuieray 72 
Pantaster, 251 
Porania, 254 
Poraniomorphoi 254 
PorceUanasUrf 251 
pore canal, 8 
~ plate, 80 
— rhombs, 42 



iwres, ambulacral (Ech.), 
287 

— of Blaatoids, 86 
Porocn»i« (BUL), 172 
-- (Dittm.), 182 
postpalmaria, 204 
Poteriocrinacea, 171 
Poteriocrinidae (W. & Sp.), 

171 
Poterioerinus, 180 
PourtaUsia, 328 
Pradocrinusy 168 
Prmastery 328 
pre-oral lobe, 4, 8 
prinuu*y skeletal elements, 

109 
primaxil, 114 
primibrachs, 114 
primitive suture,. 108 
Proclivocrinust 148 
Prognaster, 255 
PromachocriwiM, 195 
Protaster, 274 
ProtastemcatUhiou, 251 
Proteocystis, 73 
Proteroblastus, 74 
Proteuryale, 203 
Protoblastoideo, 79 
Protocrinusy 74 
ProtocyamuSy 316 
Protoq/siisy 48 
Prouho, H., 245, 285, 288 
proximal (Crin.), 109 
prozimale, 108 
PninocystiSy 60 
Prymnadetinae, 322 
Prymnodesminae, 323 
PsammechintM, 813 
pseudambnlacra(Cyst.),43 ; 

(Blast), 78 
Psetidarchaster, 251 
PseudasieTy 251 
pseudhaemal ring, 102 

— system, 25 ; (Ast.), 243 ; 
(Ech.), 292 

PseudoboUtiOy 313 
PseudocatopygtiSt 321 
PseudocrinnSy 62 
PseudocuciimiSy 230 
Pseudodesorella^ 321 
Psettdodtademoy 309 
pseudo-heart, 23 
pseudomonocyclic, 111 
pseudo-pedicellariae, 247 
PseudopedvnOy 309 
P8eudostichopu8y 227 
PsUastery 252 
Psolidiumy 230 
Pfofu^, 230 
Paychropotesy 229 
I Psychrotnphesy 229 



Pterocomay 208 
Pterotoerinusy 159 
PtUoHoaUry 274 
Ptyehoerinusy 198 
PHpa»5 
Pycnaster, 253 
Pycnoerinusy 161 
PyenopodiOy 258 
P^icnoMticiM, 187 
Pygaatety 816 
Pygastridesy 316 
PyganluB, 320 
Pygorhynehusy 821 
Pygorhytis, 321 
Pygoapatangusy 323 
Pyguroatomoy 821 
Pygunuy 321 
pyramids (Ech.), 289 
/V^'no, 320 

Pyrocyatia. See Pirocyatis 
PythonasUTy 257 
Pyxidocriniiay 168 

radial canals, 243. See 
also perra4lial 

— dome-plates, 127 

— facet, 100 

— pseudhaemal canal, 100 

— shields, 264 

— sinus, 84 

— vesicles, 27 

radialia, r&dials (Grin.), 99, 
204;(Ast.),21G;(Ech.), 
294 ; (Oph.), 268 

radianal, 112, 119 

Radiaatery 254 

Radiata, 2 

radical cirri, 1C7 

Radiocyphuay 312 

radix, 99 

rami, 118 

ramuli, 118 

rectal caeca, 248 

recumbent arms, 43, 65 

Regulares (Blast.), 91 

Begukria (Crin.), 139 

— Ectobranchii^ 306 

— Endobranchiata, 300 
Remaatery 256 
respiratory trees, 27, 222 
Retaatery 257 

rete mirabile, 223 
Reteocrinua, 198 
Rhabdoddariay 302 
RhabdqpUuruay 312 
Rh€Lduiocnnu8y 179 
Rhaphanocrinuay 200 
Rhegastery 254 
Rhiiiolmaauay 323 
RMpidaater, 256 
Rhipidocrinvay 201 
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JVuzocrintLSt 194 
JikodoccUix, 203 
RhodocrinuSy 201 
Rhoechinus, 304 
Rhombifera, 52 
Jihombtfera (Barr.), 67 
— mirOy 77, 145 
Rhopaiocomoy 257 
Jih^locrinuSy 191 
Rh^aalodinOf 230 
MhjpichopyguSt 321 
i2oe?nera»^, 255 
Romanes, G. J., 245 
Rondelet, W., 218, 283 
root, 99 
Roscuter, 253 
rosette (Grin.), 195 ; (Ech.), 

289 
Rotuloj 317 
Rotulaidea, 317 
Renault, M., 45 
/itfna, 317 
Russo, A., 261 

Saccoc(n)iay 154 
SaceoerinuSf 168 
sacculi, 137 
Sagenocrimis, 190 
sagittal plane, 20 
&dmaci8y 312 
SalmacopsiSf 312 
Salenia, 306 
Salter, J., 260 
SaUeraster, 251 
SampsonocrimiSf 170 
Sarasin, P. & F., 32, 285. 

310, 326 
SarseUa, 323 
Scaphiocriwis, 180 
scapula, 204 
SchizaaUr, 323 
SchizobUutus, 89, 92 
schizocoelic system, 26 
Schizocrinus, 161 
SchizocyatiSf 61 
i%A<}0n«»^, 250 
Sclerasterias, 258 
ScUrocrinuSf 197 
Scoliocrinua, 178 
ScoUocyBtiSy 60 
ScolocystiSf 70 
iSbotoattoMo, 229 
Scotoplanea, 229 
scrobicular circle, 287 
scrobicule, 287 
scuta adoralia, 264 
i8btt^022a, 817 
scutells oraUa, 263 
ScuUUina, 317 
scutum buccals, 264 
Scyphocrinua (Hall), 161 



Scyphocrinus (Zenker), 161 
Scytactinota, 218 
Scytaleerinus, 180 
Scytodermata, 33, 218 
Seba, A., 284 

secondary skeletal elements, 
109, 204 

— radials, 204 
secundibrachs, 114 
segmental apertures, 256 
Selenka, E., 218, 226 
Semi-Articulata, 138 
Semon, R., 12, 18, 218 
Semper, K., 218 
sensory buds, 31 
sessile pedicellariae, 247 
ShumardocrinuSf 203 
side-plates, 82 
Sigsbeioj 276 
Simroth, H., 261 
SiphonocriniiSy 199 
Sis7)io7idiat 317 
SUularia, 185 

Sladen, W. P., 14, 240, 
251, 259, 261, 325 

SmUasterias, 258 

SolacrimiSy 203 

Solanocrinus^ 195 

Solaster, 256 

Spatagoq/stiSy 324 

Spatangonwrpha^ 323 

Spatang^iSf 323 

SphaerasteTf 254 

Sphaerechinus, 313 

sphaeridia, 32 

Sphaerites (Quenst.), 19, 
254 

Sphaerocrintii (M. & W.), 
167 

— (Roem.), 178 
SphaerocystiSy 63 
Sphaeronis, 71 
Sphaerothuria, 230 
Sphenocrinust 203 
spines (Ech.), 285, 287 
Spinigrada, 260 
spiracula, spiracles (Blast.), 

84 ; (Ast.), 256 
spongy organ, 27, 102 
SporasteriaSf 258 
Springer, F. See Wachs- 

muth 
SpyridiocrinttSf 163 
Statozoa, 83 
Staurocyatvif 61 
Stawrosomat 57 
Steganoblastust 209 
SteganocrinuSf 170 
Stegasier, 321 
/^master, 254 
Steinmann, G., 40 



StelidiocrinuSf 161 
«e/^a, 260 
Siellaejissae, 240 
SteUaater, 253 
Stelleroidea, 237 
— diagnosed, 239 
stem, 48, 99, 105, 132. 

See also colurana 
•Si^emTTuztomnu^, 181 
StenaateTf 251 
iSitenoonnitf, 146 
Stenonia, 321 
StepJuinaater, 253 
StephanocriiMiay 96, 145 « 
Steraaterj 257 
Stereocidaria, 302 
StereocrintUf 164 
stereom, 28 
Stemata, 321 
Stemotaxia, 321 
sternum (Ech.), 318 
Stewart, C, 285 
Stewart's organs, 303 
SlkhasteTf 255 
Stidwcyatia, 55 
Stichopua, 227 
Stigmatopygtia^ 321 
Stirechinuay 313 
stomach (Ast.), 243 
Stomatocrinoidea, 139 
Stomechintta, 309 
StomopTieuateat 313 
Stomoporuat 323 
stone - canal, 8 ; (Ast. ), 

243 ; (Ech.), 291 
Stortingocrinuaf 152 
Streptaater, 208 
Streptocrinuay 179 
Streptophiurae, 274 
streptospondyline, 271 
StrAalocyatia, 67 
StrdbUocyatiay 63 
Stromatocyatiat 207 
Strongylocentrotiiay 313 
Strcpkocrinua, 172 
Strotocrinuaf 170 
Studerioy 321 
Stiirtz, B., 250, 260 
SturtzurOy 274 
Stylocrinua, 152 
StyracaateTy 251 
subanale, 204 
subepithelial nervous sys 

tem, 30 
sub-lancet, 85 
suboralia, 141 
subradiale, 204 
subradialia, 204 
subtegumentary cavity, 103 
subtentacular canals, 100 
superbasals, 159 
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snper-ndial, 112 
supplementaxy plates, 109, 

204 
snpra-marginalii, 246 
suranal, 294 
sutures, 108 
SjfoocrintiSf 203 
Sycocyatis^ 60 
Symlbaihoerinusj 152 
Symphytoerinus, 197 
aynallaetet, 227 
Synapta, 284 
Syntroerinuif 190 
syngnaths, 263 
Synyphocrintu, 180 
Syringocnnu8, 48, 203 
syxygy, 108, 117 

tables (Hoi.). 223 
Taenicuterf 251 
Ttietiiura, 274 
Talarocrinus, 159 
TanaocrinuSt 165 
7%ir«as^, 255 
TiUBoennua, 189 
TecAitocrtnitf , 1 63 
tegmen, 98, 129 
Teleioerinus, 170 
Temnechinua, 312 
Tef/inocMidrM^ 302 
Temnopleurusy 312 
tentacles (Hoi.), 224 
terminal tentacle, 31 
terminals (Ech.), 294 
tertibrachs, 114 
Tesselato (Zittel), 139 
Te8sellaU(Mul]ar), 139 
test (Ech.), 285 
Testacea, 138 
TetanocrinuSi 197 
Tethyaater, 251 
TetracidariSy 303 
Tetracrinus (Austin), 203 
— (Munst.), 153 
Tetractisy 240 
Tetramerocrinus (Austin), 

204 
Tetrastery 250 
Thalamoerinusy 204 
ThaUocrintUy 156 
Thaumatocrinuay 196 
theca, 99 
Theeoeystis, 207 
Thecoidea, 205 
Th^l, H., 15, 218, 226 
TheeliOy 230 
Thegastery 317 
TfienaroerinuSy 179 



ThtoUiericriniu, 195 
ThoUutety 821 
7%oracaster, 251 
ThylaeoerintUy 200 
Th^^ehinusy 310 
JAyone, 230 
Thyroida, 205 
7%yaanomni», 198 
Tiaraerinusy 57 
TiarechintLSy 305 
Tiedemann, F., 218, 240, 

284 
Tiedemann's bodies, 27, 

243 
TVmio, 255 
Tormoerinut, 197 
TomariOy 5 
torus angularis, 264 
TbrynomniM, 197 
iVKDuter, 322 
Toxopneustesy 313 
iTrauntatomnM, 182 
Trautschold, H., 130 
Tremasiery 254 
Tremaiaater, 276 
7Ve»ia<ocnnu«, 201 
Tremaiocyatia, 72 
TVema^opy^iM, 320 
IViamniM, 149 
Triamaiieay 204 
tribrachialia, 204 
7Vt6ni<^tomniM, 181 
Triehaatery 276 
Triehaateropaia, 250 
2VieAocrinu«, 149 
TrithotaUery 259 
TVicoe^omnuf, 87, 92 
trifascial articulation, 117 
Trigonocidariay 312 
IVi^onomntM, 197 
Trigonocyatiay 50 
Trinemacyatiay 53 
Triptaeidioy 310 
THplaricrintiay 204 
Tripneuateay 313 
Tmac^w, 240 
trivium, 11 ; (Hoi.), 220 ; 

(Ech.), 296 
TVocAtto, 204 
rroc^ocnniM, 168 
Trochocyatiay 50 
IVocAoc^enna, 234 
TrochodotOy 234 
IVocAostofno, 233 
Troostoblastida, 92 
2V(HW^omnu4, 86, 92 
Tropidaatery 255 
Troschel, F. H., 240, 260 



TryUiocrinua, 168 
Tuberaatery 823 
tubercles (Ech.), 286 
Turbinocrinuay 161 
TylaateTy 254 ' 
Tylocidaria, 302 
Typocidarisy 302 

UifUttcrinua, 183 
Ulocrinuay 181 
umbo (Ech.), 262 
umbonal socket, 263 
under lancet-plate, 85 
Uniophoray 258 
uniserial arms, 115 
Uperocrinuay 168 
UraatereUoy 251 
CTrM^invi, 321 

Valentin, O., 284 
FoZmu^, 258 
Fa«omnu«, 179 
vault, 128 
ventral sac, 27 

— shield, 262 

vertebral oeaicle (Oph.), 262 
vestibule, 11 
Viguier, C, 240, 247 
VleUvicrinus, 204 
Volborth, A., 53 
Vclogtaiay 321 

Wachsmuth, C, 139 
Wachsmuth k Springer, 

114, 139, 171 
Wachsmuth & Springer's 

Law, 106 
Walther, J., 49 
water - vascular system 

(Ast.), 243; (Oph.), 272; 

(Ech.), 290 
Woodocrinuay 180 

XenaateTy 250 
XenoeTin%La (Jahn), 204 

— (S. A. Miller), 165 

Zeaerinuay 180 
ZeTikericrinuay 161, 204 
Zeuglopleuruay ^2 
zigzag arms, 115 
Zittel, K. A. v., 40,139,171 
ZopAocrtniM, 151 
Zoroaatery 255 
Zygocrinu8y 91, 93 
Zygophiurae, 277 
Zygospondyline, 271 
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